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SHARON' RIM STEEL DECLARED BEST BY 
LEADING BUILDER OF AUTOMOTIVE WHEELS 


We use a lot of wheels here in America. amazing speeds — each one a perfect 
Our cars, trucks, busses, aircraft, farm circle of weight and balance. 
and construction machinery require hun- To enable wheel builders to produce at 


high speeds requires the finest rim and 
wheel steels. Each coil must be of exactly 
the right analysis, free of blemishes with 
consistent gauge uniformity. 
Leading wheel makers have learned they 


dreds of thousands of wheels annually. 

Wheels that must be a match for our 
constantly increasing speeds and weights 
—wheels that must be tough and durable, 


exactly round and perfectly balanced. can trust Sharon to deliver this kind of 
Mass production is essential to keep the steel day in and day out — that's why 
cost of wheel production at a minimum. today Sharon is one of the leading 
Today massive wheels are practically producers of strip steel for the continuous 
squeezed into shape on giant presses at production of rims and wheels. 


*Specialists in STAINLESS, ALLOY, COLD ROLLED and COATED Strip Steels. 


SHARON STEEL CORPORATION 
DISTRICT SALES OFFICES: CHIC LL, CINCINNATI, O., CLEVELAND, O., DAYTON, SHARONSTEEL 


DETROIT, MICH N NAPOLIS, IND., MILWAUKEE, WIS., NEW YORK, N. Y, 
PHILADELPHIA, PENN ROCHESTE Y., LOS ANGELES, CALIF, SAN FRANCISCO, 
CALIF, MONTREAL, QUE., TORONTO, ONT 







For information on Titanium contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Strain Gage Transducers for Measurement and Control by R. J. Fyffe and A. Arobone 


A special report covering in detail the basic types of gages, systems for amplifying and recording za; 
signals, and separate discussions of packaged transducers as used for measuring and controlling pres 
sure, flow, weight and displacement. Case histories demonstrate variety of applications 


Swaged Housing Ring Retainers for Thrust Bearings by C. H. Avery and A. G. Brisack 


Design criteria for retaining bearings in housings by means of a roll swaged lip 


Composite Metals: A New Key to Design Flexibility by Jerome Ottmar 


Some of the almost unlimited combinations of composite metals and their engineering applications 


Product Designs 


Voicewriter designed for portability; Infra-red duplicator; Karomat camera 


Effects of Resilient Foundations on Vibration Isolation by Harry Himelblau, jr 


Graphical and analytical data to determine the performance of resiliently mounted machines 


Metal-Carbon Composites for Mechanical and Electrical Parts by E. P. Eaton, Ji 
Properties and advantages of metal-impregnated carbon for bearings, seals, and electrical parts 


Designing Porcelain Enamel Products by Paul F. Mew 


Includes suggestion for individual items and methods of attaching porcelain parts 


Profile Templates Promote Drafting Efficiency by Morrie Harper and M. G. Casady 
Rapid method for mechanically detailing standard shapes on engineering drawings 


Eyelet versus Screw Machine Products by Walter E. Allan. . . 
A machine for high speed, large quantity production of small drawn parts 


Multi-Contact Electrical Connectors by Leslie Baird ! 
The basis of selection, and what's available in standard and — units to select from 


Stress Chart for Spur and Bevel Gears by H. M. Durham 
Nomograph facilitates solving for bending stresses. 


Nomograph for the Volume of Cones and Pyramids by S. R. Heller, Jr 
Chart applies to all cones and pyramids whose bases are regular polygons 
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Editorial Meetings 249 New Books 
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These were the specifications given to our Contact Production 
Engineers for contacts in the switch of an automotive lighting 
i system. It may not look like a difficult job to produce. But. 
tungsten is hard and brittle and must be carefully ground to 





: shape. Silver is soft and ductile... difficult to machine without 
j "tearing". Brazing materials for silver and tungsten are not 
: the same. 

) 

~ These were just a few of the 
2 problems involved in this 
- particular job that were 
= solved by Mallory pro- 
3 duction techniques. For 
=; example: new tungsten 
e grinding equipment was 
> designed, new brazing techniques were developed and the silver 


contact point was fabricated without machining. As a result, 
dimensions were held to the specified accuracy ... the required 
high braze strength was achieved ... the entire job was mass 


é 





Expect more... produced, uniformly and at low cost. 
: This is another example of how Mallory contact design and pro- 
Got more duction experience, backed by specialized plant facilities, worked 





out the answer to a specific problem. Regardless of the require- 


from MALLORY ments of your electrical. contacts, Mallory « an produce them 


to the highest quality standards . . . at the right price. 


In Canada, made and sold by Johnson Matthey and Mallory, Lid., 110 Industry Street, Toronto 15, Ontario. 


Electrical Contacts and Contact Assemblies 


PR MALLORY & CO. Inc L SERVING INDUSTRY WITH THESE PRODUCTS: 


A L L O E Electromechanical —Resistors * Switches * Television Tuners * Vibrators 


















Electrochemical — Capacitors « Rectifiers * Mercury Dry Batteries 
Metallurgical eee Metals and Ceramics eee Materials 


INDIANAPOLIS 6, INDIANA 
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METALLIC MATERIALS 


TENSILE TESTS conducted at the National Bu- 
veau of Standards on pure nickel indicate that the 
e metal yield and tensile strength, 
as well as the ductility at maxi- 


m~ mum load, tend to decrease with 
Wao increase in temperature. Cer- 
Sa tain irregularities appear in the 
=<... temperature range of 80 to300 F. 


ALLOYS OF INDIUM with lead, tin, cadmium 
and bismuth are finding important uses in bear- 
ings, solders and as glass wetting materials. 
Battelle Memorial Institute reports that indium 
diffused into steel-backed cadmium alloy bear- 
ings improves their corrosion resistance with- 
out impairing fatigue life. One to two percent 
indium added to a tin-lead solder improves re- 
sistanceto alkalicorrosion. A 50-50 tin-indium 
alloy, called Cerroseal 35, is used for glass- 
to-glass or glass-to-metal seals. 


ELEVATED-TEMPERATURE test comparisons 
made at Lunkenheimer Co., Cincinnati, on cast 
steel Grades WC4, WC5, WC6 and WC9 as per 
ASTM Specification A217-49T show WC5 and 
WC9 (1.0 percent Mo) have similar creep strength 
characteristics and are superior to WC4 and 
WC6 (0.5 percent Mo) in this respect. 


INTENSIFIED STUDY of titanium-boron steels 

made by the Cornell Aeronautical Laboratory, 

; with a number of alloy additions 

Fe showed that steels having a ti- 

|; tanium-carbon ratio of two to 

» four were superior tothose in 

E mE which the ratio was higher. Ti- 

== tanium-boron alloys containing 

two to three chromium and one percent molyb- 
denum have best properties of alloys tested. 


EASY METHOD of bonding metals has been an- 
nounced by the American Silver Co., Flushing, 
N.Y. Processuses braze-clad metals — a fer- 
rous or non-ferrous metal strip clad with layers 
of silver brazing alloy. Typical applications are 
large area, pressure tight, and blind joints. 
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When requesting further information from companies and organiza 
tions mentioned in the items below, confusion can be avoided by 


referring to the issue of Product Engineering in which items appear 


INGOT IRON has been undergoing low tempera- 
ture tests at the National Bureau of Standards. 
Data show that cold working of hot rolled or 
normalized specimens by extension in tension 
at room temperature reduced some of the brit- 
tleness at low temperatures, while cold working 
of annealed specimens increased brittleness. 


METHODS for eliminating porosity and brittle- 
ness caused by hydrogen in steel have been work- 
edout by M. I. T. and O. N. R. personnel. One 
investigation resulted in an analytical technique 
that presents an accurate picture of the hydrogen 
content in steels, while the other study centered 
around the effects of different hydrogen contents 
on the mechanical properties of steel. 


NONMETALLIC MATERIALS 


CONTINUOUS OPERATION of motors at 300 F 
for 500 to 1,000 hr without lubrication intervals 
has been forecast by the Office of 
ve Naval Research. Recently devel- 
p oped high-temperature silicone- 
lithium soap greases give satis- 
factory performance for as much 
as 6,000 hours. 


LIQUID SYNTHETIC RUBBER or resin com- 
pound is being applied like a toothpaste ribbon 
to form gaskets by the Dewey and Almy Chemical 
Co., Cambridge, Mass. The rubber is forced 
through a nozzle onto a spinning part to be sealed 
and then baked. The finished product is a cellular 
or puffed gasket that keeps out dust and water. 


NATURAL PEARLESCENT FINISH for plastics 
is announced by Bee Chemical Co. , Chicago 33, 
Il. Expected to find its major application on 
kitchen appliances, finish will be available in 
different bases to coat polystyrene, acrylic, 
acetate and butyrate. It can be applied to sur- 
face of colored parts or to reverse side of clear 
plastics. Decorative finish is said to be similar 
to a soft, sparkling, metallic finish and particu- 
larly attractive in white or light pastel shades. 


(continued on page 7) 
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This close-up of the sturdy tool slides on a Gleason 
No. 24A Straight Bevel. Generator shows the 
answer for improved production of large straight 
bevel gears. By setting the Coniflex* adjusting 
dials pictured, any desired length of tooth contact 
can be obtained. Manufacturers of steel mill and 
mining machinery, power shovels, and similar 
heavy-duty equipmentare using Coniflex gears, with 
tooth contact suited for the application, for easier 
assembly, smoother operation, and longer life. 
Send us details of your large straight bevel gear 
applications. We will gladly show you how Coniflex 
gears, cut on the No. 24A, will improve your results. 


GLEASON WORKS 


1000 UNIVERSITY AVENUE - ROCHESTER 3, NEW YORK 
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RECENT LABORATORY TESTS conducted at the 
National Bureau of Standards demonstrate that 
certain ceramic coatings will prevent carbon 
absorption by aircraft exhaust systems made of 
stainless steel. Bureau recommends service 
testing of coated exhaust parts to establish the 
relative merits of the ceramics coatings. 


TOUGH electrical insulating material for use in 
heavy-duty equipment has beentradenamed Abo- 
glas by the Natvar Corp., Woodbridge, N. J. 
Product consists of a layer of varnish-saturated 
asbestos paper sandwiched and bonded between 
two layers of varnished open-weave Fiberglas. 


ANTI-SEIZE LUBRICANT for use wherever ex- 
treme pressures are encountered has been re- 
84a leased by the Bel-RayCo., Inc., 

Cris Je ,.; Madison, N.J. The molybdenum 
"i 10] disulfide compound is claimed to 
be stable and non-melting and to 
prevent seizing and galling at 
pressure of 100,000 lb/sq inch. 





PROCESSES 


"SPARK" PIERCING of the holes in a diamond 
wire-drawing die is described in the August is- 
sue of Metal Industry (London). Diamond is im- 
mersed in a salt solution with one 

| electrode attached to it, while the 

en 2 second electrode is dropped into 
id Pa the solution. Sparks in this clos- 


PC 
= 


jJ -— 


ed electric circuit permit rapid 
formation of the hole. 


CONDENSER- DISCHARGE TECHNIQUE perfect- 
edby workers at the Nav al Ordnance Laboratory, 
White Oak, Md., now makes it possible to butt 
weld very thin stainless steel. The job is ac- 
complished through electricalenergy storedin a 
bank of capacitors which is dischargedthrough 
transformers into the weld. 


FLASH WELDING of titanium, according to 
American Welding and Mfg. Co., Warren, Ohio, 
canbe successful, provided cross sections of two 
or more inches are involved. Properties of the 
weld approach those of the parent metal when 
welds are produced on conventional machines. 


IMPREGNATION OF CASTINGS with a mixture 
of sodium-silicate and 500 mesh metallic flour 
has been announced by the Sealmore Corp. of 
Muskegan, Mich, Thetreated castings will with- 
stand pressures of 9,000 psi for 2 1/2 hours. 
Temperature of 2,000 F liquifies impregnant. 
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LOW-TEMPERATURE FLAME PLATING de- 
veloped by the Linde Air Products Co., N.Y.C ., 
applies an undiluted deposit of tungsten carbide, 

in powdered form, on almost any 
Ae t. \\\\\\\ base metal. Temperature of the 
Jl 5 D 






base metal does not exceed 400 
F during the plating operation, 
reducing to a minimum any change 
in properties of base metal. 


HARD CHROME PLATING has been applied to 
aluminum alloy parts, such as engine cylinders, 
pistons and brake drums to reduce wear. Plating 
is put directly on the aluminum surface, accord- 
ingto Metal Industry (London), rather than on in- 
termediate layer of copper, iron or nickel. 
Though the chrome plate may crack under heat, 
this network of fine fissures resists peeling. 





ELECTROLYTIC GRINDER for the sharpening of 
hard tools has been announced by the Super-cut 
Corp., Chicago, Illinois. The metal grinding 
wheel is charged negatively, the work piece pos- 
itively. Anelectrolytic chemical is squirted over 
the grinding surface. Small particles of metal 
flow from the work piece, through the chemical 
and onto the wheel, thus sharpening the tool. A 
pinch of bort on wheel speeds process. 


COMPONENTS 


FASTENER INSERTS for sandwich type aircraft 
panels will be available in the near future, ac- 
cording to Sta-fast, Inc., Burbank, Calif. The 
insert is positioned in a bored hole and bonded 
with Epon VI, a metal bonding material develop- 
ed by the Shell Chemical Corp. Tests indicate 
panel will collapse before fastener fails. 


MINIATURE AIR CONDITIONER developed by 
the Duco Machine and Tool Co. , Brooklyn, N.Y., 
is e used to prevent fogging, freezing and 
dirt infiltration in aircraft gun 
"^ sights. Wide commercial use for 
the unit is forecast for business 
equipment located in the tropics 
and in storage areas where hu- 
midity must be controlled. 


ENGINE MUFFLER designed for high-compres- 
sion engines is being distributed by the Maremont 
Automotive Products Inc., Chícago,Ill. The four- 
ply asbestos-wrapped assembly is available with 
three steel plys spun together and interlocked 
with end caps. The asbestos wrapping is totally 
enclosed for increased protection. 

continued on page 9 
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Another new development using 
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NO OIL LEAKS HERE 
— because of HYCAR! 


Pi VENTING leakage from pro- 


peller oil control assemblies is a 
vital job—calls for a seal with unique 
advantages. The seal must be positive, 
must resist the deteriorating effects 
of oil, extreme temperatures and high 
surface speeds. 

It was only natural that the seal 
manufacturer chose Hycar nitrile rub- 
ber—for Hycar meets these rigid re- 
quirements. 

The Hycar rubber seals are preci- 
sion-molded and compact in design 
because of critical space limitations. 


They operate in temperatures ranging 


B. F. Goodrich Chemical 


Cut-away view 
of Hycar rub- 
ber seal. Seal 
bas 64" i.d., 
molded onto met- 
al base, is spring- 
tensioned, preci- 
sion-trimmed. 


raw materials 





Oil seals designed and manufactured by National 


Motor Bearing Co., Inc, Redwood City, Calif, for 
Hamilton Standard Division, Windsor Locks, Conn. 
B. F.Goodrich Chemical Co. supp lies the Hycar rubber only 


from —65°F.to 220°F. And they with- 
stand the severe abrasion conditions 
resulting from surface speeds of 
3,250 f.p.m. 

These Hycar rubber seals are suit- 
able for use with AN-O-8 Grade 1100 
and AN-O-9 Grade 1010 fluids, and 
MIL-O-5606 oil. 

Perhaps one of the many Hycar 
rubber compounds can solve a prob- 
lem for you—can help you improve 
or develop a sales-making product. 
For Hycar resists oil, gas, heat and 


cold, aging, abrasion and many 


chemicals. For helpful technical infor- 


mation, please write Dept. HP-6, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. In 
Canada: Kitchener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


Ae Oi tn 


Amarin Rubber 





GEON polyvinyl materials « HYCAR American rubber « GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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PREVENTION OF CAVITATION in engine-driven 
hydraulic pumps by compressing air in the oil 
tank has been developed by the 
Romec Division of Lear, Inc. 
’ Cavitation kit consists of a 30 cu 
in. silica gel dehydrator and an 
MW ÁN air compressor. The automatic 
TAS a rig starts pumping at 7to 8 psi 
and bu when tank pressure is 9.75 psi. Unit 
delivers 100 cu in. /min of air at 35,000 feet. 


FLUID-PISTON-TYPE BEARING that can be 
made from any material and lubricated with any 
fluid has been developed by Allis-Chalmers, De- 
signed primarily for application in pumps that 
must be lubricated by the liquid being handled, 
bearings can be used for radial or thrust loads. 


HIGH-PRESSURE stainless steel bellows are be- 
ing produced by the Clifford Mfg. Co., Waltham, 
Mass. Developed for equipment that was limited 
in operation because of lack of suitable units, 
new bellows are rated at 3,600 lb/sq inch. 


TESTING 


HIGH-FIDELITY TAPE RECORDER sensitive to 
signal frequencies between 200 and 100,000 cps 
has been developed by the Ampex Electric Co., 
Redwood City, Calif. Unit can record high-fre- 
quency flutter, vibration or transient phenomena 
previously obtained with cathode-ray oscillos- 
cope and moving picture camera. 


CONTROL OF MOISTURE CONTENT is being 
handled at the Langley Field, Va. NACA wind 
tunnel by a General Electric dewpoint recorder. 
Instrument is claimed to monitor the moisture 
content to an accuracy of five deg at -90 F. 


The development of the new V 


MOTION PICTURES can be taken in the dark on 
Eastman's new 16 or 35 mm film that is sensitive 
to infra-red rays. Originally intended for use in 
spectrographic laboratories, it is being used for 


high-speed photography of the flow and action of 
molten metal. 


EXTENSOMETER releases itself automatically 
from test specimen before breaking point is re- 
ached and without stopping test. According to 
Battelle Memorial Institute engineers, this fea- 
ture is particularly useful in high temperature 
testing. Automatic release not only protects the 
extensometer, but also the supplementary in- 
dicating and recording mechanisms. 


DIGITAL PLOTTER, developedby the Logistics 
Research Co., Redondo Beach, Calif., charts a 
graph of one variable against another in response 
to electrical impulses.Equipment permits simul- 
taneous movement in 1/64-in. steps along the X 
and Y axes at rates up to 20 steps per second. 


CHARPY TESTS made at the Watervliet Arsenal 
indicate that the reporting of impact values to 
more than one place after the 

í A cis decimal is not necessary. The 
AN method of machining the test notch 

has no influence on test results if 


the specimens meet the specifica- 
tions on the drawing. 


"e. 
FR 
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FIRST MASS PRODUCED electronic digital com- 
puter has been announced by Electronic Com- 
puter Corp., New York City. Computer consists 
of three units, an office desk at which operator 
sits, metal drum memory unit shaped like a 
water cooler, and computer proper which is 
housed in five steel cabinets. It can solve a ten- 
digit problem in three milliseconds, 


THIS MONTH'S COVER 


. P. Edison Voicewriter, pictured on this 


month's cover, demonstrates how a market research group can work hand-in 


hand with product designers. Faced with increasing buyers resistance in the 
business machine market, Thomas A. Edison Incorporated, decided to search 
out new markets and design a machine specifically for these new customers 
Before engineers held their first planning meeting, the Market Research 
Department spent two years determining that there was a market for a 
portable dictating machime and what features potential customers wanted 


Engineers then developed the “Veep” to fit these specifications. As a final 
step, Edison called in industrial designer Carl Otto to style the finished 
product and increase its sales appeal. 


machine, see page 158. 


For the design details of this dictating 
Kodachrome McGraw-Hill Studios. 





NOW 


REMOVE Rust FAST 
WITHOUT ACIDS ! 


ALKALINE DERUSTING COMPOUND 134 


An electrolytic process operated at room temperature that 
enables the following to be done 


Reclaim and derust valuable bearings, tools, dies and gages. 


Clean and renew rusty mechanisms without disassembly or harm to tolerances, 
delicate components, or non-ferrous metals. 


Clean and pickle all types of steel, cast iron and malleable iron for finishing 
operations. 


Reduce costs on heat treated, forged, or cast parts by descaling prior to sub- 
sequent machining or processing. 


Replace shot or sandblasting for scale removal. 
Clean and brighten automotive and airplane parts. 
Salvage iron and steel parts rusted by fire or flood. 


Remove oil quenching scale and smut electrolytically in bulk. 


Write for bulletin describing the many features of this new 
Alkaline Derusting Process 


ENTHONE 
METAL FINISHING a ELECTROPLATING 


PROCESSES " : CHEMICALS 


442 ELM STREET 
NEW HAVEN, CONNECTICUT 
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.F. Goodrich RIVNUTS give new way 
fasten leveling feet... cut costs! 


Rivnuts provide at least 6 clean 
threads in one simple operation! 


2 Rivnut is inserted—head 
firmly against work —tool 
at right angles to work. 


1 Rivnut is threaded onto 
pull-up stud of a manual 
or pneumatic heading tool. 


4 After upset, Rivnut threads 
are still clean and intact, 
ready for screw attachment. 


3 Tool lever operates pull- 
up stud, forming a bulge 
in the Rivnut shank. 


Compare these 4 methods of putting 
screw threads in thin sheet metal 


CZ Lm LL 


Tapped—2 threads Pierced and tapped— 


3 threads 


Projection welded— 


4 threads Rivnut—at least 6 threads 


B.E Goodrich RIVNUT 
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PPLIANCE DESIGNERS were looking for a way 
leveling feet to the bottoms of refrigerator 
automatic washers. The metal was too thin t 
would warp it. Besides, the threads w« 


enameling process 


All these problems were solved by a B. F. Goodricl 
the only one-piece blind rivet with threads! Working f: 
one side of the cabinet, one man installs the 
seconds. The easy-to-use power headin 
in the Rivnut shank—a “second head” that tig 
material. At least six threads remain clean to tak 
foot screw—more than enough to take the heavy 


after enameling without marring the 


Besides these advantages, the quick, simple install 


Rivnuts saves time, cuts assembly costs. For he lp on y: 
fastening problem, write The B. F. Goodrich Compam 


npany 
Dept. PE-112, Akron, Ohio. 


SEND NOW 
FOR FREE RIVNUT 
DEMONSTRATOR 


Demonstrates with motion how 
you can use Rivnuts to fasten 
TO and fasten WITH. I xplains 
construction, gives proved af 
. Write for y 


free copy today to the B. I 


plications . . 


ment PE-112, Akron, Ohio 


Tbe only one-piece 
blind rivet with threads 
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Lord Bonded Rubber Le 
| Improves Radius Rod Joint Co 
| on Trailmobile Us 

RADIU & ROD JOINTS Trailmobile, Inc. at Cincinnat 
Ohio, believed that maintenance T 
costs on their suspension system n 
LORD could be reduced by redesign of the n 

radius rod rubber bushings. Whe t 
| their standard radius rod had to bi rt 
| disconnected for maintenance of the du 

suspension, often it was necessary 

to replace a number of parts of the m 

radius rod rubber bushing assem to 

blies. to 
isi 

el 

ce 

al 

b 

st 

u 

Old Design f: 

Lord engineers worked with the 


designers at Trailmobile to arrive at 





Look at the Trailmobile a rubber joint design that permits ; 

radius rod joint shown in making an almost limitless number : 

close-up at the left. This of disconnections of the radius rods 

Lord high performance without requiring replacements of 
center-bonded-rubber the rubber joints, requiring only the 

pum uo tme needed to remove the pin 

> le Saves manufacturing through the joint and bracket. The 

, and maintenance cost, Lord Center-Bonded Joint, now 


J tandard 1 'w Trailmobile asse 
i stand: in new Trailmobile assem- 
2 2. Absorbs the shocks of 1 : 2 . 
x 3 i blies, not only fully satisfied require- 
3 braking-loads and road ir- sa un d cdi d 
ments, bu l SO with lewer an 
> regularities imposed on the LE cm ] | , 
= radius rods. simpiet parts, and at a cost lower 
than that of the unbonded rubber 
5 3. Provides necessary articulation. joint used previously. 


When axle inspections require re- 
moval or replacement of radius rod 
joints, a simple arbor-press opera- 
tion shortens loss of payload time 
and reduces actual repair cost. We 
invite you to avail yourself of our 
experience in designing and manu- 
facturing precision bonded-rubber LLLLLL2 


parts 


PeriWi distiid 


Dd SS m uu 
LL 
MIA A 


Eee 


é 





Lord Design Now Used 
Now when it becomes necessary 
to remove the Trailmobile Radius 
Rod it is a simple, easy operation 
to drive the pin from the hanger. 
When new bushings are necessary 
the old ones are pressed out and new 


20th NATIONAL EXPOSITION of ones installed with an arbor press. 
POWER and MECHANICAL ENGINEERING Improvements of this nature are 
GRAND CENTRAL PALACE, N. Y., BOOTH No. 558 being designed into a wide diversity 
DECEMBER 1-6 1952 of automotive and industrial prod- 
ucts as the result of cooperative ef- 
LORD MANUFACTURING COMPANY e ERIE, PA. | forts of Lord Engineers and the 
rs 


Design Engineers of such product 


i | s doped aic 1 
headquarters || manufacturers. Precision manufac 


^ | | ture is the added ingredient which 
VIBRATION Co ; | gives Lord Engineering its high val- 


<4 | ue to industrial designers. 
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ADVERTISEMENT 
Lord Mountings Cut Service 


Costs on. Ready-Power Unit: 
Used by Industry ORD MOUNTINGS 
[he most efficient mounting svs- 
rem for Ready-Power “Live Power” 
nits necessitates the isolation of SERVE DUAL PURPOSE 


‘ngine vibration, the accommoda- 


^" 


tion of frame twist and absorption 
f shock loads encountered in in- 
dustrial materials handling. 

Because of limited space the 
mountings must be sufficiently rigid 
to prevent excessive engine-genera- 
tor motion yet flexible enough to 
isolate engine vibration and absorb 
shock loads which seriously damage 
engine brackets, oil lines and other 
component parts. These shock loads 


are caused when industrial trucks 


bump into pallets or solidly packed 
storage areas or are operated ove 
unusually rough and bumpy sur- 
faces. 

Fhe Lord mountings are designed 
to meet these requirements. 

Dupont Neoprene is used as the 
base in the compound specifically de 
signed by Lord to meet the deteriorat 
ing effects of oil, gasoline, etc. 


mREADY-POWER«:. 


"Live Power Units" 


ORD Shock Mountings accom- 
plish two vital objectives in the 
delivery of “Live Power” generated 
as needed directly on the truck chas- 
sis of industrial fork trucks, tractors, 
cranes and locomotives by Ready 
Power Units. 
1. The upper Lord Mounting J-4497-2 absorbs the 
unusually high “g” shock loads encountered in indus- 
trial lift truck service . . . At the same time it is rigid 
enough to prevent excessive engine motion due to these 
destructive shock loads. 
2. The lower member J-4591-1 is a rebound snubbing 
washer thicker than the sandwich section of the upper 
member J-4497-2. Precompression thus allows variable 
bracket thickness of plus or minus 1/16 inch. Thus the 
Tas Lad ecesdüdae i. dese Lord Mountings serve the dual purpose of minimizing 
X i e T the vibration and the multiple shocks to which Ready- 
for easy installation, no extremely Power units are subjected in powering the heavy tools 
close tolerances being involved. The of industry. You can profit by Lord experience in the 
Readv-Power representative main- control of vibration and shock. Write or call... 
I La HI-LIFT 
tain close contact with their equip- 
: E BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
— under all operating conditions. 233 South Third Street 1613 Tower Petroleum 725 Widener Building 238 Latayette Street 
l'hey report that the use of Lord Building 
mountings minimizes maintenance DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS ERIE, PENNSYLVANIA 
: 7310 Woodward Ave. 280 Mccison Avenue $20 N. Michigan Ave. 163 


wW («à €t 
3 West 12th Stre« 


and service formerly the result of 
shock and vibration. LORD MANUFACTURING COMPANY e ERIE, PA. 


Further details on this and other 
successful handling of vibration and 


shock problems are available on re headquarters ; 
quest from Lord Manufacturing VIBRATION Con ROL 


Company, Erie, Pa. 
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You Can Order Eaton Standard Caps 
and Filler Necks from Stock 


Many Types Available... 
Vented or Vacuum ... in a Wide 
Range of Sizes 


| he Eaton Stamping Division offers you 
the advantage of immediate delivery of caps 
and filler necks now in production. Available 
types and sizes include suitable closures for 
sheet metal tanks in practically every field 
of service—vehicles, farm implements, road 
machinery, portable power tools, motor 


generator sets, stationary engines, and so on. 


You can enjoy the cost advantage of high 
volume production, plus the time-saving 
benefits of purchasing thoroughly tested, well 
engineered caps and filler necks, in any 
quantity, directly from stock. 

Send for illustrated folder which gives 
specifications covering Eaton’s complete line 


of standard caps and filler necks. 


€ 


EATON MANUFACTURING COMPANY: 


STAMPING DIVISION 


50 


Dept. E, 18001 James Couzens Highway 


Detroit 35, Michigan 
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| erspectit Q9 — DESIGN AND 
| DEVELOPMENT 


MATERIALS In the national emergency that has existed since the instigation of the 
EVALUATION Korean and the cold wars, great emphasis has been placed upon the con- 


servation of criiical materials and the search for more available sub- 
stitutes. In many cases substitution has been costly, not only where the 
substitute material has failed to perform satisfactorily but also where 
long and expensive test programs were required to prove the suitability 
ofthe substitute. This testing and evaluation of materials has usually 
been performed on an individual company basis with similar programs 
being conducted simultaneously. 

The aircraft industry has taken an important step to remedy much of 
this testing and research duplication through the efforts of the Aircraft 
Industries Association (AIA). The organization was originally formed to 
represent manufacturers in their relations with the government and 
military agencies and to handle problems common to the various com- 
panies. It has recently become very active in instituting programs of 
cooperative research and standardization. 

The problems involved in this industry are not only those of materials 
substitution but to an even greater extent those of new materials develop- 
ment and the establishment of new or improved methods of testing. 

With the ever-increasing altitudes and speeds for which aircraft are 
being designed tooperate, thereare involved the problems of wider tem- 
perature limits, higher loads and reducedairframe space. These greatly 
affect materials used in structures and installations. 


AIRCRAFT The Aircraft Research and Testing Committee was formed by the 
INDUSTRY AIA to carry out a program of cooperation among the various aircraft 
PROGRAM companies. The primary objectives of this committee are: 


(1) Dissemination and exchange of information. 

(2) Development of materials and processes specifications and recom 
mended practices. 

(3) Development of industry recommendations for non-industry 
sources, 

Representatives of the various member companies in the AIA get to- 

| gether and develop plans for getting the most out of each for the benefit 

of all. For instance, in the work being done on the evaluation of boron 
steels for aircraft applications, the various phases of research and test- 
ing are allotted tothose member companies who have the greatest "know- 
how" or the best facilities for carrying out the work in each particular 
phase. 

Attention of this committee has been centered mainly on research and 
testing associated with airplanes and helicopters but great effort is now 
being directed to missile problems. 


PROJECTS Some of the projects, in addition to the boron steel program mentioned 
STUDIED above, that havebeen or are now being studied and evaluated by the com- 

mittee include: requirements for new transparent plastic; sandwich 

jg materials; metal-to-metal adhesives; integrally stiffened sheets: 


titanium and other materials 
The encouraging result oí the combined efforts of the aircraft com- 


(continued on page 117) 
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REYNOLDS 


ROLL-FORMED 


ALUMINUM SHAPES 


Save Time and ney 
For Volume Producers 


Basic structural parts or parts for decorative or functional 
x trim can be quickly and economically roll-formed for Your 
P. products by Reynolds Parts Division. Many hundreds of Standard 

roll-formed shapes are available without tooling cost X 

thanks to Reynolds tremendous tooling investment. Tooli 

fer special shapes can also be supplied by Reynolds or work 

cane produced from your rolls on Reynolds roll-form equipment. / 


/ 







beg Len 


Aluminum and roll-forming combine to offer the important V 
benefits of strong, light, uniform shapes that are easily 2 

and economically-bent, welded, assembled and generally ^ | 
fabricated. Aluminum tan be cold roll-formed to close | 
tolerances for your individual product-requirements. Natural, | 


embossed, anodized or other finishes are available. | 


Whether you make bicycles or baby carriages, metal furniture 
IN or fences, television antennae or trucks, window sections or 
washing machines ... these and thousands of other products can be 
N . Produced faster and cheaper in volume by using roll-formed / 
aluminum shapes from Reynolds. For additional information, 
write for catalog or call the Reynolds office listed under 
“Alumiqum” in your classified telephone directory. 
Reynolds Metals Company, Parts Division, 
2061 South Ninth Street, Louisville 1, Kentucky. 


Reynolds Aluminum Fabricating Fecilifíes 


One of the country's most complete facilities for aluminum fabricating includes: 
@Over 100 mechanical presses ranging from 2 to 1700 tons. 
eHydraulic presses from 300 to 5000 tons. 
e@Equipment for shearing, blanking, forming, riveting and 

welding, roll-forming, finishing and assembly. 


These facilities can assure a steady flow of blanks or fabricated parts to your 
specifications and production requirements, 






a REYNOLDS ALUMINUM 
“=n FABRICATING SERVICE 


BLANKING + EMBOSSING + STAMPING + DRAWING « RIVETING « FORMING « ROLL SHAPING « TUBE BENDING « WELDING « FINISHING 
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STANDARDIZATION 


OF PARTS 


INCREASED 
EFFICIENCY 


THE ANI 
PROGRAM 


panies givé evidence to the importance and value of this type of industry 
cooperation - particularly in time of national defense. 


Another important project instituted by the AIA has been the develop- 
ment of standards for aircraft engine and propeller utility parts through 
cooperation of the Air Force, Navy and industry. 

This Air Force-Navy-Industry program (ANI), with the help of the 
Society of Automotive Engineer's Committee E-25, has resulted in the 
replacement of thousands of individual company manufactured parts with 
relatively few ANI standard designs. This has substantially reduced the 
variety of airplane engine and propeller parts and the quantities of these 
items used each year. 

Builders and buyers of powerplants and propellers for military air- 
craft will use some 78 million fewer "hardware" parts in 1952 as a re- 
sult of the ANI standards program. 


This large reduction in small parts inventory has greatly increased 
manufacturing efficiency and has simplified the procurement of "spares" 
or replacement parts by the military services. The overall effect of 
standardization has lowered the cost of aircraft being supplied to the 
Air Force and Navy. 

Because of industry-wide usage, standard hardware items are pro- 
duced in greater volume than company parts. This has lowered the unit 
cost of these items. Typical engine bolts and nuts, costing $2.63 each 
prior to standardization, are now manufactured for one dollar. The 
quantity usage during this year will up the savings to an estimated mil- 
lion dollars, which is good news to the taxpayer as well as to the 
aircraft industry. 

Other savings accruing indirectly from this standardization include 
reduction in manhours in engine and propeller production; reduction of 
company designs and specifications; reclamation of valuable factory 
space. 

Inthe last few years this group completed 251 designs resulting in the 
standardization of 19,410 hardware parts prevously stocked under the 
specification of twelve different companies. This year over 29 million 
parts manufactured under these ANI standards will be produced for the 
aircraft engine and propeller program. 


The ANI program is based upon the following considerations: 

(1) Acontinuing, well-coordinated and technically sound standardiza- 
tion program, jointly subscribed to by industry and the milifary services 
is vital to national defense. 

(2) Certain qualities are essential in aircraft engine and propeller 
parts that are not required in parts for other defense items. 

(3) Standardized engine and propeller parts should contain all the 
essential design, material and process features of the company parts 
they replace - and must also be easily produced, stocked and maintained. 

(4) The technical and administrative "know how" of the aircraft 
engine and propeller industry is essential to such a program. 

The efforts of these programs have contributed greatly to the pro- 
gress being made in aircraft design and production. The seventh 
quarterly reporttothe President by the Director of Defense Mobilization 
shows that aircraft deliveries have more than tripled since the Korean 
invasion. Deliveries of aircraft in July reached a level of substantially 
over 800 per month. The output of jet engines has been rising more 
rapidly than the production of aircraft, reflecting in part the shift from 
piston to jet propulsion. Two of the principal engine producers are cur- 
rently turning out engines at the combined rate of approximately 60 a 
day, compared to a total of 17 a day 2 years ago. 
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... to find New Savings with SPEED NUTS! 


Magic Chef, Incorporated, St. Louis, Missouri, 
veteran user of Speen Nuts, adds still another 
Savings Story to a long list! 


Magic Chef engineers and designers have come to rely 
on assembly and material savıngs through the use of 
lTinnerman SPEED NUTS. That's why they again turned 
to Tinnerman when looking for better fastening methods 
for the back splasher assembly on a new line of ranges. 
he result 


a neat 22% savings—sold them more than 


ever on the SPEED NUT economy factor 


Formerly, the back splasher was held in place with two- 
piece support brackets, threaded nuts and lockwashers. 
Now, the SPEED NUT WAY, simplified one-piece brackets 
and “U” type SPEED NUTS do the job better, faster and 


THE OLD WAY . Sup- 
port A and Bracket B 
were required to attach 
the back splasher at each 
end, using 4 nuts and 4 
lockwashers 


THE SPEED NUT WAY 


Now, one support C and 


2 "U" type SPEED NUTS 
attach each end of back 
splasher. 





at less cost! "U" type SPEED NUTS are self-retaining, one- 
piece, self-locking fasteners that snap quickly and easily 
in place on the panel in screw-receiving position. They 
tighten down without being held...eliminate lockwashers 
...reduce materials handling to a minimum. 


No matter what you manufacture, turn to Tinnerman 
for fastening efficiency and economy. The Tinnerman 
representative in your area is ready to assist you. Call 
him in, he can arrange a FREE FASTENING ANALYSIS of 
your product to iron out your fastening problems. Con- 
tact him today! Or write direct to: Tinnerman Products, 
Inc., Dept. 12, Box 6688, Cleveland 1, Ohio. 


In Canada: Dominion Fasteners Ltd., Hamilton, Ontario. Jn 


Great 
Britain. Simmonds Aerocessories, Ltd., Treforest, Wales 


In France 


Aerocessoires Simmonds,S.A.—7 rue Henry Barbusse, Levallois Seine 
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Product Engineering 


SA 


Ihe Will to Win 


"He was licked before he started”, tersely de- “Paradise Lost”. because h knew” he would 
scribes the mental attitude of the defeatist. He plete it. No thought of failure occurred to him 
thought he couldn't win the contest. Although he All of these were men of determination and 
put on a good show, the spectators knew almost sion who charted for themselves a course and a goal 
from the start that he would be the loser. As a man They made history; they are history. They won 
thinketh, so is he. If he thinks he is going to be spite of seemingly unsurmountable obstacles becaus 
licked, so is he. they possessed that important ingredient in the for 

Exactly how the human mind affects the success mula for success: The will to win. They could not 
or failure of the outcome of a man’s undertaking even imagine failure 
will probably never be known. But it is well estab- The man of unswerving determination, whose mind 
lished that the mental attitude is more than half the is set on winning, looks upon successive failures as 
battle. This fact has been demonstrated in football, milestones on the road to victory. He sees in each 
in prize fights, in wrestling and on battle fields. It disappointing attempt not failure but new light 
is also seen in the creative efforts of individuals. | guidance. Every fruitless attempt goads him to 
Alexander Graham Bell, Robert Fulton, Cyrus Mc- onward again and with ever increased zeal 
Cormick, Morse and a host of others have proved it In the last two verses of his poem “Alumnus Foot 
to be true in the realm of science and invention. ball”, Grantland Rice talks to the college gr 
Blindness did not prevent Milton from finishing who has just been launched on his busi 


"You'll find the road is long and rough, with soft spots far apart, 
Where only those can make the grade who have the Uphill Heart. 
And when they stop you with a thud or halt you with a crack, 

Let Courage call the signals as you keep on coming back. 


"Keep coming back, and though the world may romp across your spine, 
Let every game's end find you still upon the battling line; 

For when the One Great Scorer comes to mark against your name, 

He writes—not that you won or lost—but how you played the Gam: 


f 


Last two stanzas of 


the poem “Alumnus Football” by 


tland R y J i ol sai 
Grantland Rice. Published with permission of the author 


Every successful product design is but the culmina- knew” from the beginning that they wculd wii 
tion of calculations and recalculations; trials, tests Without the will to win the great creation wo 
and failures; ideas worked upon and discarded; re- have died aborning 


peated layouts, details and assemblies until finally 
there emerges the new model, the wonderful new 


a. S A, S a SA A O, 








I i machine, the great new product. To the engineers 
13 who created it, it is nothing to get excited over. They ¢ " 
| 
i1 
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Simplifying product design is a job in which New Departure 
Ball Bearings excel. N-D-Seal Bearings, for example, 
often require less housing space and eliminate various 
fittings and parts . make possible smooth streamlining 
of products and lower production costs. 


Productwise, New Departures assure greater accuracy 
and longer life . . . permit higher speeds and reduce main- , 
tenance . resisting all loads from all directions. 


BALL BEARINGS 


The Great Ball of New Departure symbolizes engineer 


ing excellence—and New Departure’s application engi- 





neers and research facilities are always at your disposal. 
Keep your eye on the BALL to be sure of your BEARINGS! NEW DEPARTURE «DIVISION OF GENERAL MOTORS «BRISTOL, CONNECTICUT 


nn 
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TR. J. FYFFE and A. AROBONE * M. W. KELLOGG COMPANY 


o longer is the wire-type strain gage relegated to simple measurement of stresses 
and strains, The great versatility of this design tool is now being realized through its 
use in package transducers as the heart of a bridge-type sensing element. Thus, the 
arduous and tricky task of mounting the delicate gage assembly is minimized and the 
installation simplified. 

Typical of the many transducers now available are the various types of load ce 
torque meter, differential pressure gage and load beam. Each is precision-built and 
calibrated to handle a range of variables in a growing number of fields. These include 
transient pressures in airplane power control systems, flow of fuel to rocket engines 
torque loads on high-capacity dynamometers, and dimensions on roller bearing parts 

The first of five sections in this special report covers the two classes of gage — bonded 
and unbonded, types of bridge circuit, amplifying and recording equipment and the 
systems combining these components. The four remaining sections take up the different 
types of transducers designed specifically for measuring pressure, flow, weight and 
displacement. Case histories follow each transducer section to illustrate some of the 


more unusual applications for strain gage transducers. 
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- Carrier sheet 


Fig. 1 — Bonded strain gage usually 
takes the form of a flat grid cemented 
to a carrier sheet. 





Fig. 2 — Unbonded strain gage 
has a stationary frame that 
supports a movable armature 
through two cantilever plates. 


^. 
‘Pin for troasmission 
of force 


Cantilever suspension plate 
(One of two) 


Strain- sensitive 





IRE RESISTANCE STRAIN GAGES have been used 


for years to determine forces and stresses to which 


materials are subjected, and have proven themselves 


an invaluable tool in determining the properties of materials 


under operating conditions. Information such as strength 


of materials under static or dynamic loading, the resonant 


or natural frequency of a member, and the static and dynamic 


stresses to which a structure is subjected during actual opera- 


tion can all be determined with these gages. 


Considerable practice and experience is generally needed 


to obtain good performance and results from strain gages, 


and it is this prerequisite that has, to a large extent, limited 


their use in the solution of problems dealing with the meas- 


urement of pressure, flow, weight and displacement. A sec- 


ond limiting factor has been the lack of suitable industrial- 


type instruments and strain gage assemblies applicable to 


these problems 


During and since World War II this picture has changed 


rapidly, and today many measurement problems heretofore 


considered outside the field of strain gage measurement are 


being solved with this versatile instrument. 





Principle of Gage Operation 


THE WIRE RESISTANCE STRAIN GAGE 

simple in operation and construc- 
tion. When a wire is stretched elas- 
tically, its length and diameter are 
altered, resulting in a change of elec- 
trical resistance in the wire. It is this 
change in resistance that is measured 
and recorded. Stretching a wire 0.1 
percent diminishes its diameter (with 
constant volume) by a factor of 0.3 
in accordance with Poisson's ratio, 
and produces a change in the resist- 
ance of 0.17 percent 


In strain gaging, "change in resist- 
ance" is considered in terms of 
"change in strain" and is expressed 
as a ratio called strain sensitivity or 
gage factor. Symbolically, gage factor 
becomes 


AR /AL, 
R/L 


where AR represents resistance 
change in a total gage resistance R, 
divided by the corresponding change 
in length in a total length of conduc- 
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tor L. In actual practice, for reasons 
unknown, measured gage factors dif- 
fer from the theoretical values for 
various types of resistance wires 
Each factor is, however, the same, 
whether the gage is in compression 
or tension. 


Basic Forms of Strain Gage 


At present, two basic forms of wire 
resistance strain gages are widely 
used. These are the bonded type and 
the unbonded type. The bonded gage 
usually takes the form of a flat grid 
as shown in Fig. 1. To obtain maxi- 
mum performance, the active element 
of resistance wire should be as near 
as possible to the surface of the 
member under study. The most effec- 
tive method is, of course, to cement 
the wire directly to the surface of 
the member, but the difficulty of 
handling the 0.001-in. dia wire has 
necessitated cementing the grid to a 
carrier sheet that may be paper or 
paper impregnated with plastic. The 
carrier must be weak to allow the 
transfer of the strain to the wire 
via the cement. At the same time, the 
wire must be small so that the ce- 
ment, because of the relative masses, 
is stronger than the wire which con- 
forms to the contours of the cement. 
In this way, compressive as well as 
tensile strain can be transmitted. 

Wire sizes of one to one and a half 
mils are generally used. This practice 
results in a convenient wire length 
to obtain a desired gage resistance 
without resulting in a grid of exces- 
sive area. The basic standard gage 
has a resistance of approximately 
120 ohms, and passes about 25 mil- 





1952 








ENGINEERING — NOVEMBER, 


" s 




































ns 
if- 


OI 


le, 


on 


y 
Se 


ie 


Capacitor Type 
Recorder 


Ratio or Resistance 
Thermometer 


Type Recorder 


liamperes of current in a 6-v bridge 
circuit. The 120-ohm resistance is 
large compared to the nominal re- 
sistance of lead wires and is high 
enough not to be greatly affected by 
switching resistance. 

Many different types of bonded 
gages are available with resistance 
values from 60 to 5,000 ohms, and 
effective gage lengths from !1s to 6 in. 
Choice of resistance wire for these 
gages is based on the following fac- 
tors, in the order of their importance: 


(a) Maximum gage factor or sen- 
sitivity. 

(b) Maximum resistance per unit 
length. 

(c) Minimum temperature coeffi- 
cient of resistance. 

(d) Minimum coefficient of linear 
expansion. 

(e) Maximum melting point 

(f) Minimum thermo-electric ten- 
dency at connections. 

(g) Optimum flexibility, ease of 
soldering and negligible hysteresis 
loop in cycle of stress. 


Advance, Copel or Constantan wire, 
all of which have a nominal compo- 
sition of 45 percent Ni and 55 percent 
Cu, are used for both static and dy- 
namic testing applications. Iso-elastic 
wire with a composition of 36 percent 
Ni, 8.0 percent Cr and 0.5 percent Mo 
is used for dynamic testing only. 
Gages of this wire provide about six 
times the voltage output of the cop- 
per-nickel gages, but have a tem- 
perature resistance coefficient vary- 
ing from 25 to 50 times greater. The 
higher output requires less amplifi- 
cation for the measuring instrument, 
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Strain Gage Transducer 


Millivolt 
Potentiometer 


Direct-Inking 
Strip Chart 


Recorder Oscillograph 





resulting in an appreciable saving of 
cost in instrumentation 

The cement used in bonding the 
gage to the strain member is ex- 
tremely important to the proper op- 
eration of the zage. For permanent 
installation and for use in long-dura- 
tion exposure up to 300F or short- 
duration exposure up to 500 F, gages 
are phenolic-resin bonded and baked 
in place. Commercial bonded strain 
gages are manufactured under ex- 
tremely close quality control and 
generally guaranteed to within + one 
percent of the stated gage factor 
value. Resistance tolerance is usually 
+ 0.25 percent of nominal value 

It is possible to obtain factory built 
bonded strain gage bridge assemblies 
for many measurement problems. For 
the measurement of pressure, one 
manufacturer uses a pressure sensi- 
tive tube with strain gage grids 
bonded to the outside surface. The 
gas or liquid pressure being meas- 
ured causes the tube to expand and 
stretch the gage grids, thus increas- 
ing the resistance. For the measure- 
ment of weight, the sensitive element 
is a rectangular steel column with 
gages bonded to the sides. Under 
load, the dimensions of the column 
change slightly, stretching the wire 
of the grids. Drawbar pull is meas- 
ured in much the same way. For 
measurement of acceleration, gages 
are placed top and bottom of a 
weighted cantilever beam, or on an 
unweighted beam to measure large 
or small deflections or displacements. 
These units and various others are 
discussed in detail in the pages that 
follow 






Indicator Only 


indicator Only 


Moving Mirror Cathode Ray 
Oscillograph Oscillograph 


Recorder 


Unbonded Strain Gage 

The unbonded wire strain gage 
Fig 2. consists of a stationary frame 
which supports a n ovable armature 
through thin cantilever plates. The 
strain-sensitive wire is strung under 
initial tension as a filament betwe el 
pins located on the frame and arma- 
ture. When the armature is displaced 
longitudinally, the filament is elong 
ated or shortened depending on the 
direction of displacement, causing an 
increase or decre ase n resistance 


respectively 


Four filamer ts are genel illy ised 
in each gage and these are connected 
in the form of a conventional Wheat- 
stone bridge. As the armature 
moved longitudinally by an external 
force the strain increases in one pall 

s and decreases in the 
other pair. An initial tension applied 
to the wires during assembly serve 
to keep them under some residual 
tension even when the armature is 
in either extreme position. Armature 
travel is limited by ast p which pro- 
tects the wires against overload, the 
maximum displacement being about 
0.0015 in. each side of center 

As stated, nominal bridge resist- 
ance can be from 60 to 5,000 ohms 


nput voltage varies from 5 to 60 volts 


a-c or d-c with open circuit output 
s Bs t. "we 

of 6 to 175 mv full range, and closed 
circuit outputs of from 30 to 200 


as s 2 3 
microamperes, full range. Unbonded 
l tx 

gages have an accuracy and lineari 

: t 6.3 à; 4 
of one percent of full scale or better 
and their resolution is 0.1 percent of 

] 

full scale or less 

As with bonded gage as emblies 


the unbonded type is available com- 
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Fig. 5 — A-c bridge recording 
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for strain gage transducer circuits. 
Unbalance of voltages between points B-B' and C-C' causes motor to move slide- 


wire pointer in proportion to change in gage resistance. 


pletely assembled ready for opera- 
tion. For the measurement of pres- 
sure, the armature is connected by a 
pin to a metallic bellows or dia- 
phragm. By applying pressure to one 
side of a bellows and venting the 
other to atmosphere, gage pressure 
can be read; if the bellows is evac- 
uated, absolute pressure is measured. 


Strain-Measuring Systems 


As with the thermocouple in a tem- 
perature-measuring system, or an 
orifice in a flow-measuring system, 
the strain gage is of no value by 
itself. It is the sensitive element or 
transducer in a strain measuring sys- 
tem which must also include an in- 
dicating or recording device, and in 
many cases, some auxiliary equip- 
ment as well. 

The remarkable progress made by 
manufacturers of strain gage units 
has been paralleled by the develop- 
ment of recording and indicating in- 
struments. Many well known indus- 
trial companies supply indicators or 
recorders calibrated directly for 
use with strain gage pickups. Thus, 
pressures can be measured and indi- 
cated directly in terms of pounds 
per square inch, force or weight in- 
dicated directly in pounds, displace- 
ment directly in inches, and many 
other variables, all measured and 
translated into appropriate units. 
These instruments are as simple to 
install and operate as the potentiom- 
eter pyrometer or electrical resist- 
ance thermometer, and companies 
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guarantee their industrial strain gage 
indicators and recorders to be within 
the same accuracy tolerance as their 
temperature measuring instruments. 

In strain gaging, the problem of 
measuring and recording resolves it- 
self down to the function of measur- 
ing or recording resistance changes 
as they occur in the gages. Fig. 3 
shows in block-diagram form the 
wide range of indicating or recording 
instrumentation to which wire strain 
gages are adaptable. Table I lists the 
characteristics of each measuring in- 
strument. 


Wheatstone Bridge Circuits 


Strain gages are usually connected 
so as to unbalance a four-arm Wheat- 
stone bridge circuit, Fig. 4 (a), when 
its resistance is changed by stress. All 
of the instruments in listed Table I 
operate to translate this unbalance 
into a readable indication or record. 

If a strain gage is connected as 
shown in Fig. 4(b), so that the only 
source of unbalance is the change of 
resistance in the gage resulting from 
the application of strain to the gage, 
the difference in potential across the 
output terminals becomes a measure 
of that strain. This potential can be 
measured by a sensitive voltmeter. 

This simple application of the strain 
gage has one serious defect. The wire 
used in the gage is temperature sen- 
sitive in addition to being strain sen- 
sitive. The potential output is there- 
fore the combined result of strain and 
temperature. 
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gage is mounted on an unstressed of the stress-induced strain, The 
piece of the same material as the measurement does, however, include To obtain sufficient } er t 
stressed member. To avoid differ- strain caused by thermally-induced indicating met: t d 
ences in temperature, the two gages stresses in the metal, but it is a true cording mechanisI the 
are located close together. Thus, re- ^ measure of stress, whether the stress — self-balancir bridges 
sistance changes caused by tempera- results from temperature of applied — galvanomet: thodi 
f * * * * . 
Table I—Characteristics of Recording Instrumentation 
manent FREQUENC NOMINAL 
TYPE OF TYPE OF RECORDING CEP E 8 ^X». aai quM 
INSTRUMENT RECORD MEANS NSTRÜMENT E A nM 
Light -spot Indicates Manual - tig t tequired l « of 1% Pane 
galvanometer only recording chir | 
j Microammeter Indicates Multiple wit Required l | | 
— + | 
Potentiometer Single point en and ll 4" /hr ] 3 d t a of 1 
curve line P 3 6 or B : | 
multiple point | | 
or curve print | 
+ | 
Resistance Single point 11 C à | 
thermometer curve line r to 1”/se or £ | 
multiple point 
or curve print | 
t + 
Ratio or 


Single point nd in i2 hr 1, 2 r Dire 4 
curve line ) 3°" /se 
multiple point 


capacitor 





Direct writing 
oscillograph 


or curve print | 


Single or 
multiple point 
curve line 


Pen and ink 
or heat-sensi- 


tive paper 





Moving Mirror 
oscillograph 


Cathode ray 
oscilloscope 
and camera 


) 
Propuct 


| NG 


Single or 
multiple point 
curve line 


Single or 
multiple point 
curve line 


INE ERIN 


Film or light 
sensitive 
paper 
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Fig. 7 — Ratio type recorder consists of 
transducer and instrument bridges ex- 
cited by 1,000 cps oscillator. Balancing 
unit moves rotor of balancing capacitor 
to equalize voltages between points 
B-B! and C-C 
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the ratio-type recorders. They can 
be furnished as an indicator or as an 
indicator-recorder with circular or 
strip chart. Fig. 5 shows a simplified 
schematic drawing of an a-c bridge 
recording potentiometer, designed 
especially for operation with strain 
gage transducers. The recording 
potentiometer receives the voltage 
output of the transducer, amplifies it, 
and feeds the amplified output to a 
motor which moves the potentiom- 
eter slide wire to the point at which 
a known portion of the voltage be- 
tween points C and C' is precisely 
equal to the transducer output volt- 
age between the bridge points B and 
B'. When this balanced condition is 
achieved, the voltage appearing at 
the amplifier input is zero and there 
is, consequently, no output to the 
motor. When a change in the variable 
occurs, the balance is disturbed and 
the difference appears across the 
amplifier. The amplified output is of 
the proper phase to turn the motor 
in the direction that will move the 
slide wire contact to restore the bal- 
ance. The slide-wire contact is also 
linked to a pointer and pen that 
makes a trace on the chart corre- 
sponding to the transducer output. 
Since the transducer output changes 
in proportion with the force acting 
on the strain gages, the potentiom- 
eter can be calibrated directly in 
s of this force. Power for the a-c 
bridge is furnished from the trans- 


rmer incorporated in the poten- 


The effects of ambient temperature 
iround the transducer are nullified 
by using active gages in all four arms 
he Wheatstone bridge circuit. 
Since all four gages are affected 
equally, the ambient temperature ef- 


: : 
fect is reduced to a negligible factor. 






Power 
amplifier 



























Recording 


Connections from the transduce) 
to the recording instrument are 
made with a four-conductor cable 
which may be up to 1,000 ft in length 
if required. 

The resistance thermometer typ: 
recorder, Fig. 6, contains two arms 
of the Wheatstone bridge within the 
instrument, with the other two arms 
located within the transducer. The 
two arms in the recorder are com- 
posed of a slide wire with a motor- 
driven contact. An unbalance of th« 
bridge, resulting from the change of 
resistance of the transducer element, 
produces an output which is ampli- 
fied and fed to the rebalancing motor 
The amplifier contains phase sensi- 
tive circuits that drive the motor in 
the proper direction and a recording 
pen is connected to the contact, per- 
mitting a continuous recording of the 
variable. 

A four-arm transducer bridge can 
be used with this type instrument by 
utilizing only two arms of the trans- 
ducer to complete the bridge. The re- 
maining two arms are inactive and 
appear as a fixed resistance across 
the amplifier terminals. These two 
arms are in series and, as the 
measured variable changes, they 
undergo resistance changes that are 
equal and opposite, so that their total 
resistance 1s constant. 

The ratio type recorder is shown in 
Fig. 7. The transducer consists of 
four strain gages wired in the form 
of the Wheatstone bridge and ex- 
cited from a low-voltage 1,000 cps 
oscillator in the instrument. The in- 
strument measuring circuit or inter- 
nal bridge consists of two fixed re- 
sistance arms and two capacity arms. 
One of the capacity arms is a fixed 
capacitor and the other is a variable 
or balancing capacitor. The internal 
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iC ond D 
i 


Fig. 8 — Self-balancing 
bridge recorder has 
bending (cantilever) 
beam that carries two 


strain gages mounted 
back-to-back. 





VO tage 
omplifier 


bridge is excited from another secon- tor to automatically restore balance tation f eac! Zi 
lary winding of the 1,000 cps oscil- by physically bending a cantilever mati 120 c bt 
tor which excite s the transducer veam on which two strain gages are the first ‘ t UO0 
The transducer bridge and instru- mounted back to back. These cor ‘ 
nt bridge are connected as shown _ tute two arms of the bridge, the otl í 
, an electronic balancing unit which two being located externally in the 


itomatically moves the rotor of the transducer element. The mechanica Direct Writing Oscillogr iph 


balancing capacitor to a position at action that restores balance is als The first ip include 
vhich the voltage between points B used to move the recording pen vriting tvp« f llograph. Thes 
ind. B! is equal in value to and op- Directional contro] is obtained very are self-contained units and car 
posite in phase to the voltage between simply. The two-phase driving mo- vide 1, 2, 4 6 n is. T 
ints C and C A null balance tor isa phase discriminatotr n itself ira I nstantant 1 
ndition then exists One of the two phases is connected electric: nal within th: 
While the output voltage of the to the oscillator, the othe to the gage que! range tne 
transducer bridge changes as a func- circuit, opposing each other. Wher hape, amplitude and fre 
ion of change in variable, the in- the beam is bent in one directior mmediat« 
strument bridge continuously oper- one phase in the motor leads the Variable chart spe 
ates to maintain the null balance. other; when the beam is bent in the and. depending on thi 
The position of the balancing cap- opposite direction, one motor phas the actual recordi: bta 
icitor rotor, which is connected lags the other In « peration the mo- either per nd ink t piast te 
mechanically to a recording pen or tor maintains automatic bridge bal- heat sensitive paper marked 
indicating pointer, determines the ance and phase discrimination and heated stylu 
amount of unbalance of the trans- records at the same time Amplifie lesigned especia 
ducer bridge. Since this unbalance is Control can be obtained in the forn strain gage bridge operation are 
proportional to the force acting on of electric on-off, high-low, or pro- tilable r these ri lers. Oni 
the transducer, the instrument can portioning action. For applications manufacturer uses a convent 
be made to read the variable directly. where pneumatic control is desirabl modulated carrier type in which the 
Self-balancing bridge instruments all the usual forms ari able bridge excited at 2,500 « es | 





can be obtained with either a circu- For the field of dynamic measure- a built-in oscillator. The bridge it- 


lar or strip chart type of recording ment with strain gage units, all fre- put, which proportional to the de- 
When a record of measurement quencies from extremely low to im- gree of unbalance, is amplified at 
throughout relatively long periods is pact transients can be recorded on 2.500 le ectified by a phase sen- 
the primary requirement, the strip commercial instruments, whether sitive detector circuit, and the result- 
chart recorder is usually preferable. these be rapidly varying loads, forc ng d- ipplied to a driver an 
With this recorder, a record of meas- displacements, accelerations, reso- fier whose itput ifficient t 
urements from one or multiple trans- nance studies, measurements of peak yperate the recorder, The « 
ducers can be obtained. Chart speeds fluid or gas pressures, water ham- between the oscillator and the bridge 
are available from a nominal of 34 in. mer, explosions such as gun firing proper include controls f 
per hour to one in. per sec. Instru- or dynamic torsional modes. Meas- adjusting both the resistive and « 
ments are available with a pen speed urement of a lagless response has  pacitive balance of the bridge. The 
across an ll-in. chart of as little as been made up to 50,000 cps and it is carrier amplifier, which follows the 
one second. an accepted fact that such response bridge, includes both a stepped atten- 
In Fig. 8 is shown a block diagram characteristics go on up to much iator and a smooth gain cont: 
of a self-balancing bridge instrument higher values setting the overall sensitivit I 
designed especially for strain gage Instrumentation for this field falls sensitivity in turn can be checked at 
use. Unbalance of the Wheatstone within three general classifications any time by depressing a push buttor 
bridge drives a small two-phase mo- with frequency response as the limi- that introduces a fixed unbalance 
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Fig. 9 — Moving mirror oscillograph contains one or 
more galvanometers with mirrors that direct a light 


the bridge network. The initial po- 
ition of the recording stylus on the 
chart is set by a “zero” control incor- 
porated in the phase-sensitive detec- 


tor system. This position is independ- 
t f 


of the setting of the gain controls 
vhen the bridge is balanced. 


To obtain quantitative data from 
illographic records, it is necessary 


to calibrate the transducer and re- 


corder system. The most direct meth- 


to apply a known increment of 


Table II—Indicator and 
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Oscillograph 
mirror 


- Galvanometer 


L 
Brown Instrument Co 


Weston Electric Inst. Co 


Rubicon Co 
Bailey Meter Co 


General Electric Co 


T 


General Electric Co 


Westinghouse Electric Co 


Amplifier 





the force to be measured and observe 
the corresponding deflection of the 
pen. Other known forces will then 
cause proportional deflections. The 
system may also be calibrated indi- 
rectly by using the gage factor sup- 
plied by the transducer and inserting 
a known calibrating resistance. 


Moving Mirror Oscillograph 


The second class of recording sys- 
tems includes the moving mirror type 


Recorder Manufacturers 


POTENTIOMETERS RESISTANCE 


THERMOMETERS 


eeds & Northrup Co Leeds & Northrup Co 
Brown Instrument Co 
Bailey Meter Co 
Tagliabue Division Wheelco Instrument Co 
Foxboro Instrument Co 
Bristol Co 


General Electric Co 
hwing Albert Co 


Weston Electric Inst. Co 
Wheelco Instrument Co Tagliabue Division 


MOVING MIRROR 
OSCILLOGRAPH 


CATHODE RAY 
OSCILLOSCOPE 
RECORDER 


Century Geophysical Cor Browning Laboratories 


olidated Eng Du-Mont Laboratories 


Hathaway Instrument Co Hickok Electric Instr. Co 
Heiland Research Corp 


William Miller Co 


Radio Corp. of America 
Waterman Products Co 
Brush Development Co 
Electronic Tube Corp 





Propuct ENGINEERING 


4 
| 
| 
| 
| 
| 
| 
| 
| 










Sree aon i RE eal ae 


i 


beam onto moving chart (film). A viewing screen, as 
well as timing and numbering devices are also provided. 


of oscillograph. This is the most com- 
mon type of dynamic recorder cov- 
ering the range from steady strains 
up to vibratory strains of 2,000 cps 
or more. The recording element is a 
galvanometer with a small mirror 
that rotates through an angle pro- 
portional to the galvanometer cur- 
rent, and a beam of light reflected 
from this mirror moves across a 
moving chart of sensitized paper or 
film, Fig. 9 shows a schematic dia- 
gram of this instrument. 

Because no pen arm is required, 
it is possible to make oscillograph 
galvanometers respond accurately to 
frequencies as high as 5.000 cps. As 
many as thirty galvanometers can be 
mounted in a single oscillograph so 
that a large number of strains can 
be recorded simultaneously from a 
single chart. 

Galvanometers for this type oscil- 
lograph are rated in terms of natural 
frequency and sensitivity. The gal- 
vanometer should be used consider- 
ably below its natural frequency, in 
order to obtain uniform response for 
all frequencies within the measure- 
ment range, In general, such a meter 
provides uniform response from zero 
frequency to a frequency between a 
half and three quarters of its un- 
damped natural frequency. Thus if it 
is desired to record strain over the 
range of say, zero to 1,500 cps, the 
natural frequency of the galvanom- 
eter should be between 2,000 and 
3,000 cycles per second. 

For low frequencies, electro-mag- 
netic damping is adequate, but at 


^ 
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high frequencies the galvanometer 
is suspended in a well of fluid. The 
low-frequency galvanometer is usu- 
ally a miniature D'Arsonval galvan- 
ometer, consisting of a small coil and 
mirror supported between two taunt 
suspension strips. The mirror is ap- 
proximately ?3»-in. wide by !&-in. 
long with a coil about ?$-in. long. 
This type galvanometer can be ob- 
tained with natural frequencies from 
25 to 1,000 cps. It is generally used 
for frequencies below 300 cps. The 
magnetic field for multiple elements 
of this type is provided by a single 
Alnico magnet. Each element is in- 
dividually adjustable to provide for 
location of the reflected light beam. 

For high-frequency measurement, 
galvanometers of the Duddell or bi- 
filar type are commonly used. These 
consist of a long loop of round wire 
or flat ribbon stretched between a 
pair of pole pieces, and a small mir- 
ror cemented to the loop. It can be 
considered as a one-turn D'Arsonval 
galvanometer with a large restoring 
force due to the double ribbon sus- 
pension at both ends. 

The optical system for these instru- 
ments usually consists of an incan- 
descent lamp and a system of lenses 
and mirrors that directs a beam of 
light onto each galvanometer mirror, 
from which it is reflected across the 
moving film. The amplified bridge 
unbalance flowing through the gal- 
vanometer coil swings the reflection 
of the spot of light in direct propor- 
tion to the transducer unbalance. 

Companies manufacturing moving- 
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Fig. 10 — Cathode ray oscilloscope re- 
corder is useful for dynamic operations 
because light spot that indicates bridge 
unbalance is inertialess, 


mirror type oscillographs usually 
have available auxiliary equipment 
to complement their recorders for use 
with strain gage transducers. For low 
frequencies where the sensitivity and 
frequency response available in am- 
plifying systems are not required and 
signal output is sufficient, multiple- 
channel bridge-balancing units are 
available. For the higher frequencies 
amplifiers and carrier systems are 
available to record in the range of 


9 to 2 000 Cy les per second 


Cathode Ray Oscilloscope 


The third class of high frequency 
measurement instrumentation is the 
cathode ray oscilloscope. This unit is 
extremely useful for dynamic opera- 
tions as the light spot used to in- 
dicate bridge unbalance is truly 
inertialess, operating simply by de- 
flection of a cathode ray, which is 
without weight or substance 


u 
A schematic diagram of the cathode 
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omplifier 
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fluorescent screen 
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ray oscilloscope reco 
in Fig. 10. Electrons from the cathode 
pass through the grid which conti 


the number of electrons that pa 


i : a 
The accelerating anodes are hollow 
and act aS converging lenses to Iocu: 
the beam on the screen. When a volt 
age Is impressed on the deflect n 
plates the negative electron beam 
moves one Vay or the he tne 
1 
amount of deflection being p: 


tional to the voltage 


When the strain gage transduce: 
powered by its own oscillator, is con- 
nected into the vertical amplifier, its 


unbalance affects the vertical defle 


1 1 i4 
tion plates so as to displa e the bean 


in proportion to bridge unbalance 


"m 1 1 1 i 
The horizontal plates are acted 
upon b, i special iwtootl S t 
por y 4 I lal Sav 
+] à i 1 i L 1 
that traces the bridge unbalance 
à ‘ p : 
wave form as a function of time by 
ausing the spot to sweep horizon- 
tal ' t} t f 
all across nt een a a ur or! 
rate ana then to return extreme 
i š 
apidly to its initial position for a 
second Sweep [he unit can be used 
directiy as an indicator, or where re- 
raing required [ gl eet - 
ng picture cameras are avallaDle 
vhich f over the screen ot thé pe 
] 
l t g Y r t 
and ph igraph the movemer tne 
— arid 
cathode ra With suitable calibra- 
tion of the spt t ae flect m ver is the 
force being measured, records of hig! 
frequency phe ena car De al 
ai zed 
The GescI yt ns ab € 1 r t 
course )V the held E a iDle 
oO ment ) nlet but d { 
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Fig. 11 — Bourdon tube pressure transducer and circuit dia- 
gram. Resistor “T” varies with temperature to compensate for 
thermoelastic coefficient of pickup metal. 
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ts companies known to have equip- be referred to these companies and cators or recorders can be located at 
ment suitable for use with strain the transducer manufacturers. De- any desired point, either near to or 
ige transducers. It trongly sug- scriptive and technical literature is remote from the sensing element. A 
^ ted that specific problems con- available which covers specific re- Baldwin fluid pressure cell with the 
ling instrumentatior quirements in much greater detail. hermetically-sealed cover removed 
is shown in Fig. 11, along with the 
circuit diagram for this type trans- 
ducer 
i ressure ransducers The Bourdon tube sensing element 
. is available for pressure ranges from | 
: zero to 100 psi to approximately zero | 
I j Pressure the most commonly Increased bridge output, as well as to 50,000 psi. Their calibration is | 
. ' ] riable in the field of in- a high sensitivity and reading accu- usually accurate to within + 1⁄4 per- 
5 tion. Because the strain acy, are added advantages derived cent of full range at 70 F for any point 
` essure transducer operates from using four active bridge arms. from zero to 100 percent of capacity | 
E thout ng parts, and Service conditions, whether corro- The natural frequency response of 
a higl | frequency sive or not, and application require- this pressure element is approxi- 
) tł imed ments govern Bourdon tube material mately 700 to 1,000 cycles per sec, | 
s portance il selection. The characteristics of the depending upon pressure range and, 
E material to which transducers are material of the Bourdon tube. To 
> e e ti ducer bonded determines the sensitivity of measure higher frequencies, a | 
= elastic element that —strain-sensitive elements. For stand- straight-bore tube is available. In 
~! essure into displacement ard operating conditions, Type 410 such a unit, the tube is not flattened | 
~. e resistance strain gages for tainless steel, which has a very high and the resistance gages are actually | 
s ng tł lisplacement. These elastic limit, has proven satisfactory wrapped around the tube. This de- | 
i í e manufactured in mar because it furnishes over-range pro- vice is said to give frequency re- 
but only those most tection to approximately 120 percent sponses of approximately 2,000 cycles 
ly 4 e as completely of the rated operating pressure. For per second, again depending on range | 
| unit d ed, and applications in which highly corro- and material of the tube. 
5 y i idea. 2 tcn vin " — Cantilever Sensing Element | 
he type of elasti from materials other than 410 stain- For more efficient measurement in ! 
ed. In ¢ I, the Bourdor ss steel. These include phosphor the lower pressure ranges, the Class 
e, the heart the cell is a bronze, Type stainless II or cantilever type system actuated 
e sensitive tube to which are steel, KR Monel, and Haynes Stellite by a pressure sensitive element is 
í esistance gages wired alloy 605. For gases and non-corro- utilized. For pressures above atmo- 
| Wheat bridg« ive atmospheres and liquids, ordi- spheric, a single bellows is used; for 
Wh: four art f the bridge are nary high-tensil carbon differential pressures, an additional 
isually the case, it teel is permissible bellows is inserted as indicated in 
t n to make specific pro- The pressure element is Fig. 12. When measuring absolute 
t tive gag« hermetically sealed operates pressure, the additional bellows is 
Temperatur« mpensation is ex- without moving parts, so that under evacuated. 
treme t howeve nce normal operating conditions, an ex- The electrical circuits in the canti- 
even small temperature changes pro- tended life can be expected of these lever sensing element are similar to 
luce spurious readings unless all mmercia] units. Since signal trans- that of the Bourdon-tube type. The 
four bridge arn e affected alike. m n is obtained electrically, indi- bellows must be dimensionally stable, ) 
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rrosion resistant and flexible, and 
the reference spring or cantilever 
beam designed to require minimum 
nergy from the bellows. It is import- 
int to have a low-energy beam so 
that the bellows displacement for 
iny given diameter bellows and 
pressure range can be minimized. 

To maintain sensitivity essentially 
constant with respect to temperature, 
the dimensions of the cantilever 
beam are chosen so as to compensate 
for the temperature coefficient of 
Young’s modulus. Another method 
of doing this is to install a resistor 
or resistors, which vary with tem- 
perature to compensate for the 
thermoelastic coefficient of the bel- 
lows material, 

An advantage of the cantilever ref- 
erence spring is the extremely low 
hysteresis and after-effect that can 
be maintained. Hysteresis effects in 
this type transducer are usually in 
the range from 1/6 to !& percent of 
full scale. After-effect is the differ- 
ence of zero reading before and after 
a pressure has been applied, and is 
usually in the neighborhood of 0.1 
percent. 

In addition to the bellows-actuated 
cantilever beam, there are also vari- 
ations. A diaphragm, piston or other 
pressure sensing element can be used 
to move the beam. In a succeeding 
section of this article regarding flow 
meters, the diaphragm method is 
discussed in detail. 
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Pressure bellows Second bellows for differentia’ 
or absolute pressure 


+e 
Strain gages $$. ~~ Cantilever 
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Fig. 12—Cantilever sens- 
ing element actuated by 


bellows is accurate in z 
low-pressure range. j H, 7 


principle, four active gages are Ring type elements can be con- 
bonded to a small cylindrical sensing — structed in ranges from zero to 25 lb 
ring as shown in Fig. 13. The gages or from zero to 10,000 Ib, They will 
are connected as a Wheatstone bridge operate in any position and have a 


and small spools of compensating wire natural frequency in excess of 1,500 


are placed in the circuit to balance cps. These elements are bonded 
the bridge and provide correction for firmly in place and are not subject 
zero shift and temperature sensitiv- to spurious signals when subjected 
ity. The sensing ring is deflected to to shock or vibration. Difference of 


a maximum of approximately 0.001 range is obtained merely by chang- 


in. by the action of a piston. A thin ing the area of the piston. The output 
diaphragm separates the piston from voltage versus applied pressure 
the pressure inlet containing the ac- characteristic of this gage is linear 


tivating fluid or gas. The top portion 
of the instrument, which forms the 


ç Catenary Diaphragm Sensing 
cover for the pressure cell, can be À I E 8 








i 5S Sensi > : leme 
Ring Pressure Sensing Element either aluminum, if the instrument is Element 
Another in the family of strain used for measuring pressures in air This Class IV transducer is partic- 
gage pressure transducer elements is and other non-corrosive fluids; or ularly suited for pressure measure- 
the Class III or Flader sensing ring. stainless when used with corrosive ments in all types of internal com- 
In this adaptation of the strain gage fluids. bustion engines. Accuracy at both 
Table HI—Characteristics of Pressure Transducers 
Class of Type Strain Available Accuracy Input Temperature Natural 
Sensing Element ranges, psi 9e full range Current Limit, F Frequency, cp Manufacturer 
s i21 | l 
l—Bourdon tube | Bonded 0-10 to la A-C or 250 300 to 1,000 |Baldwin-Lima-Hamiltor 
and bellows 0-50,000 D-C | Corp 
pn = T I 
I—Bellows and Unbonded 0-0.05 to + 1/2 A-C or —65 to 270 to 10,000 | Statham Laboratories In 
diaphragm 0-10,000 D-C 250 | | 
— | | 
I 
\!—Bellows and 0-10 to 1/2 A-C or E = 
cantilever 0-2,500 D-C | 
beam | 
Md ais | | 
| i 
I —Ring type Bonded 0-25 to l A-C or 50 to Above 1,500 Į Fredric Flader | 
0-10,000 D-C 70 | 
-—- — + 
| | | 
IV—Catenary Bonded —15-100 to 1 A-Cor | High—air 45.000 Control Engineering Corp 
Diaphragm —15-10,000 D-C cooling 
supplied | 
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Fig. 13 — Flader sensing ring carrying four active strain gages is deflected 
by pressure exerted through diaphragm and piston. 
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Fig. 14 — Catenary diaphragm 
sensing element and typical 
bridge circuit. Though accu- 
rate throughout wide pres- 
sure and frequency range, 
unit is particularly suited for 
measurements in studying 
internal combustion engine 


performance. 
Controls Engineering Corporation 


--Wire connection 


_-Cooling insert 


~~~ Stroin receiver windings 
on strain tube 


To amplifier and 
recorder 


Power in 





high detonation frequencies and 
lower power stroke frequencies is 
greater than heretofore obtainable. 
Static or low-frequency pressures as 
in hydraulic and pneumatic systems 
or in steam engines can be measured 
equally as well. These elements can 
also be used in the fields of high 
pressure chemical reactions at ele- 
vated temperatures, detonation pres- 
sures in explosive charges, rocket 
pressures, and many other fields of 
pressure measurement where very 
high frequencies are encountered. 

This catenary sensing element is 
based on the work of Dr. C. Stark 
Draper and Dr. Y.T. Li of the Massa- 
chusetts Institute of Technology. Be- 
cause of its unique construction, the 
pickup minimizes the effects of tem- 
perature gradients, vibrations, mount- 
ing stress and calibration drifts. 

At the bottom of the view in Fig. 
14, is a thin diaphragm with two 
catenary-shaped depressions. Rest- 
ing in the circular groove formed by 
the intersection of the two catenaries 
is one end of a thin-walled tube, the 
upper end of which is developed into 
a heavy flange clamped securely to 
the main body. This is the strain 
generating tube on which are two 
1,000-ohm, single-layer strain gage 
windings. One winding is applied 
longitudinally and the other circum- í 
ferentially. The strain gages are non- | 
inductively wound and electrostati- | 
cally shielded. 

Operation of the pickup is such 
that when pressure is applied to the 
outside of the diaphragm, the strain 
tube is compressed along its axis and | 
expanded around its circumference. 


VT 4€ — 


This increases the diameter and de- | 
creases the length of the longitudinal | 
winding, and decreases the diameter | 
and increases the length of the cir- | 
cumferential winding, thereby de- | 


creasing and increasing their resist- 

ances, respectively. The windings 

form two arms of a Wheatstone | 

bridge circuit, thus any resistance 

change due to temperature cancels 

out. Fig. 14 also shows the circuit 

used with these catenary transducers. ! 
Cooling air can be supplied to the 

pickup when it is mounted in a heat- 

generating device, Referring to Fig. 

14, air is introduced through the 

electrical connector and divided into 

two paths. Some air goes down the 

center of the "cooling insert" and 

cools the center of the diaphragm, 

then passes radially through small 

holes drilled in the end of the strain 

tube. The air guide tube conducts 

the second path of air over the sur- 

face of the gage windings. It then 

rejoins the other air stream and is } 
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Filament A 









armature 


Filament D 
Filament C 


Pressure applied at diaphragm 


Fig. 15 — Statham pressure transducer has 
frame with armature that moves relative to 
it. Being sealed within the case, the four gage 


filaments are well protected. 


vented to the atmosphere through 
the “air exit holes.” Air cooling will 
keep the internal parts of the trans- 
ducer at temperatures below 200F 
for ordinary combustion engine op- 
erating conditions. 

By using a catenary-shaped dia- 
phragm, thinner materials can be 
used than for a flat type at the same 
pressure. This design has three ad- 
vantages: (1) a thin diaphragm has 
a very low spring rate, and therefore 
the force exerted by the diaphragm 
on strain tube as a result of tem- 
perature gradients or fluctuations in 
the diaphragm can be kept to a min- 
imum; (2) the diaphragm mass is 
low, thus keeping natural frequency 
high; (3) the strain tube is 
secured to the main body at one end 
only, with the thin diaphragm exert- 
ing negligible force on the free end 
due to its low spring rate, thermal 
expansion and mounting stress forces 
of the main body do not cause appre- 
ciable deformation of the strain tube. 

The low mass of the diaphragm, 
coupled with the high natural fre- 
quency of the strain tube (about 
45,000 cps) results in a unit that is 
insensitive to vibrations up to about 
20,000 cps, which is well above the 
range encountered in most work. 

Combinations of these various 
characteristics result in a transducer 
for which the relationship between 
pressure input to output voltage 
change does not deviate from linear- 


since 
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TYPICAL SPECIFICATIONS 
FOR PRESSURE TRANSDUCERS 
Accuracy and linearity 
Resolution: 0.1% or better 
Temperature limits: —65 to 250F 
Input current: Alternating or direct 
Breakdown voltage to ground: 200 


Resistance: 60 to 3,000 ohms 


volts 


Input voltage: 6 to 30 volts 


Open circuit outputs: 18 to 80 my, full range 


rms 


Closed circuit outputs: 100 to 200 microamperes 


full range 


—— 


Ranges available: From 0-0.05 psi to 0-10,000 psi 
Natural frequency: 270 to 10,000 cps depending 


on range 


Materials of construction: Optional, depending on 


requirements 








1% of full scale or better 


ity by more than one percent of full mits wide range and is a í 
scale importance trom the salt 
Pressure ranges that are currently point. The complete syr 
available in this type pressure pick- both mechanical and elect: 
up, range from 100 to 10,000 psi. For ponents is also an importi 
corrosive atmospheres, 18-8 stainless both in maintenance t 
steel parts are nd in I I te pe 
Unbonded-Gage Pressure mes : 
Transducers $ : ` OOH : a = 
The pressure transducers described building gages of a great 
so far are those the bonded ensitivities nges and na 
wire resistance gage. The un- quencies 
bonded gage is also available In the Statham unit, pi 
in a variety of y-built assem- converted to force by a fi 
blies. Fig. 15 shows a Statham pres- tallic bellows for the range 
sure transducer the case re- to 50 psi. The be \ 
moved. As described. this type unit gage measuring els ent 
consists of a ft » and an armature fluid under pressure, yet at 
that moves respect to the time transmits the force 
frame. The arrangement of the strain armature 
filaments on mounted on the At pressures above 50 
armature and frame is visible in Fig phragms are used instead 
15, A trimmer (not shown) bellows. These diaphragn 
is placed in series with one of the tually rigid disks of great 
bridge filaments and used to equalize vhich represent a safety 
the resistance four gages in in excess of normal engine 
the bridge tice. In this case, diaphrag 
Because the fiiaments are  teristics govern gage resp 
contained within the instrument,they diaphragm in Fig. 15 has 
are fully protected at ll times from zero to 750 psi) Diaphragr 
mechanical injury. Being independ- are selected and treated fo: 
ent of the properties of the body stability and dimensions h« 
under test, calibration is fixed and close tolerances. In addit 
universal. Likewise, independence of use for measuring normal st 
test-body properties permits strain- sures, these units are ava 
ing the gage filaments almost to the the measurement of differs 


limit of 


their yield points 


This 


absol ite pressures 


——— 








vi seer are 


Peiwd diatid a 


m/s es 


essure La 


ansducer 


Applications of Strain Gage 
Pressure Transducers 


The Plantation Pipe Line Com- 
pany of Athens, Ga., in cooperation 
vith Baldwin-Lima-Hamilton and 
Ruge de Forest has developed a de- 
pendable electrical system for trans- 
nitting fluid pressures from various 
points in station piping to the control 
The original experimental installa- 
n consisted of five meters to indi- 
cate station and pump suction; in- 
termediate, pump discharge and out- 
bound line pressures; five strain gage 
pressure cells mounted at various 
points on the piping and a power 
supply 

The meters, calibrated directly in 
were connected to the 
output of strain gage bridges in the 
pressure cells. By placing a fixed re- 
sistance in parallel with one leg of 
the bridge, the circuit was unbal- 
anced by a fixed value corresponding 


terms oi ps 


to a known calibration pressure red- 
lined on the instrument scale. The 
output of the cell being linear with 


134 


various transducer stations. 


respect to pressure, calibration at 
only one point on the scale was nec- 
essary. 

One of the transducer installations 
is shown in Fig. 16. The valving is 
arranged to permit removal of pres- 
sure during the calibration referred 
to above, and if desired, a dead 
weight test can also be applied to the 
cell without removing it from the 
line. 

Control of suction and discharge 
pressures presented another use for 
strain gage transducers as measuring 
elements. In this case, the bridge un- 
balance signal was converted to a 
proportional air pressure by Foxboro 
pneumatic pressure transmitters. A 
receiver-recorder in the control room 
recorded the pressure and controlled 
low suction and high discharge. 

As a result of highly satisfactory 
performance obtained during 18 
months from the experimental in- 
stallation, Plantation has included 
similar equipment in the design of 
several other pumping stations. The 
new system differs from the original 
installation in that it operates on a-c 


Fig. 16 (Left)—Monitoring of fluid pressures at key points in an elaborate 
piping system is done with Baldwin pressure transducers. 















Plantation Pipe Line Company 


Fig. 17 (Above)—Signals from pressure transducers in two piping systems 
register on meters in desk consoles: Recorders on wall plot pressures for 


Plantation Pipe Line Company 


instead of d-c. This change resulted 
in freedom from vacuum tubes in 
the main power supply and allowed 
the use of a more durable type of in- 
dicating meter. However, individual 
amplifiers are necessary in the out- 
put circuit of each pressure cell to 
drive the meter. 

On the front of each amplifier are 
three controls and a selector switch. 
The “Resistance Balance” and “Ca- 
pacity Balance” controls are for set- 
ting the zero of the pressure channel 
and for balancing out any in-phase 
and out-of-phase signal voltages 
present with zero pressure on the 
cell in the “operate” position. The 
“Calibrate-Adjust” position is set with 
dead weight calibration so that when 
the selector switch is thrown to the 
“Calibrate” position, an electrical 
signal is generated which is identical 
to that produced by a pressure of 
seven-tenths rated capacity of the 
transducer. Each meter is red-lined 
at seven-tenths of its scale and a 
calibration potentiometer is located 
in the control desk to bring the 
needle to the red line. It is not nec- 
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essary to remove pressure from the 
cell to obtain an electrical calibration. 

The control desk at the Silver Run 
Station is shown in Fig. 17. Two pipe 
lines are controlled from this desk 
an 18-in. line from the left half of the 
console and a 12-in. line from the 
right half. The meters are standard 
5v rectifier voltmeters with 
scales graduated in terms of psi. 
Pressure capacities range from 600 
to 1,500 lb per square inch. 

Among the advantages of this sys- 
tem are lower maintenance costs; 
increased accuracy over long periods 
of time; and elimination of frequent 
dead-weight calibrations, potential 
instrument piping leaks, and the haz- 
ard from fire or explosion when in- 
strument lines carrying inflammable 
product are brought into control 
rooms. 


a-c 


Power Controt System Mock-UP. 
Northrop Aircraft, Inc. has pioneered 
the development of full power con- 
trol systems for aircraft. The N-9-M, 
one of the early Flying Wings built 
by Northrop, the giant B-35 YB-49 
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Fig. 18 — Simulated flight conditions as they affect every element in the F-89 power 
control system are produced on this giant test stand called “Iron Ike.” Insert shows 
one of many Statham unbonded-gage pressure transducers that sense test conditions 
and set up electrical signals that register on multi-channel oscillographs. 


and YRB-49A Flying Wings, and the 
X-4 airplanes 
equipped. When this same company 
developed the twin-jet F-89 Scor- 
pion, this 
specified 

Every detail of the power control 
the F-89 has been 
carefully reproduced in a giant test 
stand. Constructed on a structural 
steel network that has given the test 
stand its name of “Iron Ike,” it con- 
tains all the mechanical, electrical 
and hydraulic components that go 
into a complete airplane control sys- 
tem. Every valve, pump, instrument, 
regulator and piece of tubing has 
been incorporated. 

All the elements of flight from 
take-off to let-down can be simu- 
lated, recorded and analyzed by this 
test stand. Fig. 18 shows a general 
view of the facility with the control 
center in the foreground. The instru- 
ments record temperatures, pres- 
sures, response times and control 
positions registered by “Iron Ike” 
during a simulated flight. 

A typical installation of a Statham 


research were so 


type control was again 


system used in 








Northrop Aircraft Incorporated 


P10 unbonded 
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aucer 


gage pressure trans- 
the 
draulic 


tee-ed into discharge of 
one of the hy 
Ike" is lower corner 
of Fig the 


ransient pressure effects and trans- 


pumps on "Iron 
the 


unit 


1! 
shown in 
18. This 


measures 


1 a 1 
mits an electrical signal proportional 


to the instantaneous pressure to a 
multi-channel oscillograph. In this 
way, the pressure history of various 


parts of the system can be accurately 
recorded in relation to the associated 


events in the system 


Rocket ENGINE TESTING 


The field of 
the 


measure- 


1 a 
rocket testing presents some of 


difficult of 
ment problems to the instrument en 


most pressure 


gineer. Standard industrial pressure 
measuring equipment of the Bourdon 
tube type is inadequate for this ap- 
plication because most test runs last 
only a fraction of a second and rarely 
exceed several minutes. During this 
short period, complete informat 
relative to 


ion 
significant 
throughout the 
corded, 


pressures 


system must be re- 


and, therefore, high fre- 


quency recording of pressures has 
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Fig. 19 — Rocket engine test stand has both pressure and flow transducers. These 





units, which cover several different ranges, actuate multi-channel moving-mirror 


and potentiometer type recorders in remote control room. 


liograpns register a 


important in 
combustion 


ng reaction OI 


e of M. W, Kellogg's rocket en- 
test installations is shown in 
pressure transducers 
r several different ranges, and 
four-conductor 
control 


Here, Consolidated recording 


connected by 


Ided cable to a remote 


complete 


ire of the high frequency pres- 


fluctuations occurring during 
Sequential electrical operations 
ther variables are also recorded 
analy and study. In addition 
he high frequency recorders, a 


Leeds & Northrup and 
Instrument Co 


rdet? calibrated in ps! 1S also 


strip-chart 


ed. These instruments supply rec- 


»bservation during tests, and 


«-Primary element (Orifice) 
^ 


M. W. Kellogg Company 


for study immediately at the comple- 
tion of a test (thus the waiting peri- 
od necessary for the development of 
the oscillograph records is avoided). 
They also record to high accuracy 
the steady-state operating pressures 
of the units under test. The records 
obtained are subsequently analyzed 


to calculate the performance efficie: 
cy of the test item. 

Several advantages are derive 
from the use of strain gage pressu: 
transducers in rocket engine testing 
(1) The direct-connected transduce 
and electrical transmission obviat 
the need for bringing into contr 
rooms high pressure hydraulic line 
that contain highly corrosive, tox 
or inflammable fluids; (2) sealin 
fluids to protect instruments fro: 
contact with corrosive or dangerou 
fluids are no longer required becaus: 
pressure transducers can be designe 
for direct contact with such fluids 
(3) the range of a pressure measur- 
ing channel can be changed by in- 
serting a different transducer withou 
rebuilding the recording equipment 
(4) at any time, the complete meas- 
uring system can be electrically cali- 
brated from the recorder without 
application of known pressures to thi 
transducer, and (5) the strain gagi 
pressure transducer is a stable and 
dependable measuring unit. It has 
been used in extremely corrosive at- 
mospheres and liquids, subject t 
shocks from hydraulic hammer and 
high pressure oscillations, and found 
to retain its calibration throughout 
long periods of time. 


Flow Transducers 


There are many classifications of 
flow meters. Of those that incorporate 
strain gage transducers, the most 
used is the head meter 
wherein there is variable differential 
head with constant area of flow 


generally 


passage 


Ordinary meters of this type con- 
sist of at least two parts; (1) a line 
restriction, or primary device, which 
alters the velocity of the fluid stream 
and produces a differential pressure 
and (2) a measuring element, which 
senses the differential pressure and 
translates it into flow units. 

In the strain gage type of head 
meter, the design is such that the dif- 
ferential pressure stresses the gages 
and therefore produces an output 
signal proportional to the force acting 
on the strain gages. The electrical 
output signal is then indicated in flow 
units by a recording instrument as 
shown schematically in Fig. 20. 

Both the bonded and unbonded 
gages are applicable to an installa- 
tion of this type. The Foxboro d/p 
cell, Fig. 21, is a typical bonded-gage 
differential pressure sensing element. 
Here a flexure tube is fitted with 
strain gages and wired in the con- 
ventional manner to complete a 
Wheatstone bridge. 

Pressures are applied at the high 
and low taps, and then to the dia- 
phragm, which exerts a differential 
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rce on the flexure tube. The elec- 
tricdl system is similar to that pre- 
iously described for the Bourdon 
ibe type sensing element, thereby 
naking the bridge output propor- 
tional to the differential pressure ap- 
lied. The bridge can be excited with 
; maximum of 10v a-c or d-c; and 
ell calibration is one millivolt output 
per volt input for full scale deflection 
at maximum rating. 

When the d/p cell is connected to 
1 Foxboro Dynalog recorder, both 
the internal and external bridge cir- 
cuits are excited from the same pow- 
er source, hence any variation in 
supply voltage cancels out. The ex- 
citation voltage is 5.5 v 0.5v a-c 
when using a 1,000-cps voltage source 
The linearity of calibration for this 
strain gage flow meter system is 


vithin 1 


1 percent of range at 70F. 
The Foxboro electrical d p cell is 
rated at 1,500 psi static pressure with 
ranges available from zero to 100 in 
H:O through zero to 800 in. H»O. The 
transducer will withstand a differen- 
al pressure of 1,500 psi without 
damage when applied to the up- 
stream side. These cells can be fur- 
nished with Type 316 stainless steel 
diaphragm and body construction for 
rrosive service, and with other ma- 
terials for specialized applications. 

In addition to the diaphragm-type 
differential pressure transducer, bel- 
lows-actuated units are available 
from several manufacturers. In these 
units, the bellows is attached to the 
free end of a cantilever beam to 
which the strain gages are bonded 
in the form of a Wheatstone bridge 

Provisions are included for tem- 
perature compensation as in the 
Flader Teleflight differential pres- 
sure cell, Fig. 22, which has two op- 
posing bellows for deflecting the 
cantilever beam. The bridge circuit 
is temperature compensated for the 
range from —65 to +165F. To com- 
pensate for constant applied voltage 
across the bridge, a length of nickel 
or copper wire is placed in series 
with the input side of the bridge. 
Compensation for zero drift with 
temperature is achieved with a wire 
that uses the temperature coefficient 
of resistance in one leg of the bridge. 
Thermal expansion and contraction 
of the bellows is self-compensating 
in its effect on the bridge because of 
the two opposed bellows. 

Production models of this trans- 
ducer are limited to a zero shift of 
!4 percent of full scale per 100-F 
change in temperature, and to a sen- 
sitivity change of 0.01 percent per 
degree F. They can be obtained with 
pressure ranges up to and including 


















Fig. 21 — The Foxboro d/p cell 
is a diaphragm-type bonded- 
gage differential pressure 
sensing element. Gages are 
mounted on flexure tube. 
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Fig. 22 — Bellows-actuated differential pressure transducers with gages 
bonded to cantilever beam is 
typified by this Flader Tele- 
flight cell. Matched 
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Fig. 23 — Non-corrosive fluids can be handled by this Statham unbonded- 
gage differential pressure transducer. Gage bridge is located in center 


cavity that is filled with oil. 


zero to 50 psi. Typical dimensions are 
1 by 1% by 2 in. and weight is 3 to 
6 oz. The units are applicable to 
teady state or dynamic measure- 
ments, and, depending upon the 
range, the pneumatic response is be- 
tween 100 and 300 cycles per second. 

The Baldwin differential pressure 
cell has the same general construc- 
tion as the Flader unit. Calibration 


accuracy is within 


l4 percent of 
full range for any point at 70 F. Rec- 
ommended maximum operating tem- 
perature is 150F, but the transducer 
vill withstand 250F continuously. 
Available ranges are from zero to 

10 psi (with max line pressure of 








50 psi) through zero to 20 psi 
(with max line pressure of 100 psi). 

The Trans-sonics Inc. differential 
pressure cell has only one bellows at 
the free end of the cantilever beam. 
Differential pressure is thus meas- 
ured across the single bellows di- 
rectly. Ranges available are from 
zero to 10 psi through zero to 500 lb 
per sq inch. 

The bonded gages are treated with 
special coatings so that neither their 
electrical resistance nor resistance to 
ground is influenced by exposure to 
moisture or vapors. Use of this trans- 
ducer is limited to flow mediums that 
do not attack the gage coatings. 


Combustion 
chomber 


Unbonded strain gage differenti: 
pressure transducers for flow meas 
urement are made by Statham Lab 
oratories with the strain-sensitiv: 
element assembled as a full bridg: 
The units are designed to measur: 
the difference between two pressure 
applied in operation, and can be sup- 
plied for use in both corrosive aní 
non-corrosive service. 

The type of construction depend 
upon the range and service. To pro- 
duce an instrument of any particula: 
full-scale range, a bellows or dia 
phragm is chosen on the basis oí 
characteristics that cause the arma- 
ture within the instrument to be dis- 
placed about 0.0015 in. when full- 
scale pressure is applied. A Stathan 
gage of suitable electrical character. 
istics is then assembled within a 
structure that has provision for sup- 
porting the bellows or diaphragm 
chosen. 

For the usual ranges of differentia] 
pressures required for measuring 
flow, Statham offers transducers that 
are sensitive to 0.05 psi full scale for 
non-corrosive gases with maximun 
line pressures of 15 psi. Other ranges 
for this service are available up to 
40 psi differential and 50 psi line 
pressure. 

For non-corrosive fluids, oil filled 
units, Fig. 23, are available with 
Type 416 stainless steep caps and 
isolating diaphragms made of neo- 
prene or other special materials. The 
unbonded gage bridge is located in 
the oil cavity and the diaphragms 
prevent contact with the flow me- 
dium. Ranges are available from zero 
to one psi through zero to 40 psi fo: 
line pressures to 500, 1,500 or 2,000 
psi. A model is also available for line 
pressures to 10,000 psi for ranges 
from zero to one psi through zero 
to 5,000 lb per sq inch. 

Transducers of the same design 
are available for corrosive service 
except that the materials exposed to 
the flow medium are as required for 
the service. 

The natural frequency of the units 
depends upon the construction used, 
and is usually from 350 to 1,700 eps, 
the higher ranges, generally having 
the higher natural frequencies. 

Accuracy and linearity are one 
percent of full scale, and the resolu- 
tion 0.1 percent of full scale, or bet- 
ter. Operating temperature limits are 
from —65 to +200F. Input current 
can be alternating or direct, and a 
wide range of bridge resistances are 
available. 

Either the bonded strain gage or 
the unbonded strain gage type of dif- 
ferential pressure transducer is suit- 
able for operation with any of the in- 
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strumentation described earlier in 
this article. They have advantages 
ver the mercury manometer type of 
nstrument in the recording of high 
speed transient flow phenomena for 
study or analysis. Measurement of 
orrosive liquids can be obtained 
without the use of sealing fluids, and 
because of hermetic sealing, long life 
can be expected in corrosive atmo- 
spheres. 

The small mass and weight of these 
transducers reduces the cost of in- 
stallation and usually permits con- 
nection directly at the primary ele- 
ment without recourse to long con- 
necting piping. Electrical operation 
permits remote 
relatively long distances. 

The extremely small displacement 
required of the flow medium to ob- 
tain full-scale output of the trans- 
ducers is an advantage over other 
types of flow measuring devices, as 
there is little tendency to pump sedi- 
ment or foreign materials into the 
pressure measuring chambers. The 
lack of moving parts, pressure-tight 
bearings, linkages or pneumatic pilot 
devices reduces maintenance. 


transmission over 


Typical Application of 
Flow Transducers 


Referring again to the M. W. Kel- 
logg rocket engine test installation, 
one of the most important variables 
required to determine engine per- 
formance is the accurate measure- 
ment of the flow propellants to the 


Fig. 25 — Bonded gage load transducer made by 







~~~ Mounting hole 





Many and varied are the problems 
attendant to obtaining this measure- 
ment. Firing seconds 
duration to several minutes requires 


from a few 
an extremely rapid instrument re- 
sponse. Propellants in use, such as 
concentrated acid, ammonia 
and hydrogen peroxide require the 


nitric 


use of special materials and equip- 
ment designs to withstand corrosive 
operating conditions for long periods. 
Extremely fast operation of throt- 
shut-off valves requires 
high-speed tracking from the meas- 
uring instrument and the ability to 
withstand pressure peaks, “water- 
hammer” effects and flow throughout 
the ranges of operation. 

the recording 
strument with relation to the location 


tling and 


Positioning of in- 
of the measuring element therefore 

means of remote 
which the 
need for high-pressure lines carry- 


requires some 


transmission, obviates 





propellants in the 


Ease of chang- 


ing vicinity ot 
operating personnel 
ing the range ol flow rate measure- 
ment is also of particular importance 


in meeting the requirements ol rock- 





et engine developn 
The Kellogs 


the Foxboro 


lent 


Company has found 


Y » t » 
resistance 


strain 


gage 





differential pressure sensing el 

i 1; 1 a 
and Dynalog recorder meet the re- 
This flow 


is shown schemat- 


just mentioned 


quirements J 
measuring system 
ically in Fig. 24, along with two ven- 
turis which are used as the primary 
elements These are designed With 
quick-disconnect httings and an be 
changed in a few minutes to obtain a 
new flow ránge 

An installation 
transducers can be 


und of Fig 


of two Foxboro flow 
in the lower 
19. The Dyna- 


1 1 1 i i 
iog circular-cNart recorder 1s locate d 


seen 
left loregr« 
on the instrument panel in the con- 


trol room 


Weight Transducers 


Measurement of weight and ma- 
chine or mechanical loads has proven 
a fertile field for the application of 

gage No 
necessary to use the 


strain transducers longer 


is it cumber- 
some systems of levers, pivots and 
of 


Small, compact units in hermetically- 


bearings conventional scales. 





combustion chamber. sealed cases and without moving 
" 
Loading button ~ #-/4 NP thread 
ie i 
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| /O-ft neoprene- 
| covered shielded 
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on load- sensi- 
tive column =~- 7 | vr zró 
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/ Colibration ond 
F terminal resistonce 
7 adjustment resistors 
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Baldwin is actuated by deformation of load-sensitive 


column to which gages are attached, 
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/ Threaded for cable conduit 






parts are now available for use in a 
wide range of applications for either 
static or dynamic operation These 


units are designed around both the 
bonded and unbonded strain gages 
although the majority of applications 
call for the bonded-gage type 
A schematic drawing of a typica! 


bonded-gage load measuring trans- 


2---60ges Aond C 


Indicator or recording 
instrument 


Fig. 26 — Load-beam weight transducer of Baldwin 
design consists of a cantilever-mounted bar with 
strain gages bonded adjacent to the fixed end. 
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Fig. 27 — Model A torque transducer, another in the Baldwin line, 
is obtainable in eight standard capacities from 100 to 30,000 Ib.-in. 


d el 


is shown in Fig. 25. Operation 
based on obtaining an electrical 
gnal from the stress induced in the 
gages as a result of a deforma- 
on in the load column. The gages 
are located on opposite sides of the 
o-called “back-to-back” 
itior with two gages mounted to 
pick ip the axial strain and two 
thers positioned at right angles. The 
er are strained only in lateral 
ith Pois- 


01 ratio. With this arrangement, 


contraction in accordance w 


i gages are used in all four arms 
of the Wheatstone bridge, thereby 

reatly increasing the bridge output 
hange in dimensions due 


] 
ambient temperature affects all 


gages equally, only a force acting 
ong the axis of the load column 
affects the bridge circuit 


By providing suitable attachments, 
this type transducer functions equal- 
vell as a tension or compression 
Desired 


ranges are obtained by variations in 


oad measuring device 


the mass and design of the load col- 
imn, and, in this way, standardiza- 
ion of the electrical portion of the 
measuring circuit is achieved. Thus, 
an instrument connected to a zero- 
to-100-lb. transducer can be used 
vith a zero-to-50,000-lb transducer 


without change 


Forms of Weight Transducers 


Weight transducers of the bonded- 
gage type are supplied in various 
forms. The load beam consists of a 
metal bar mounted as a cantilever 
beam with strain gages bonded adja- 
cent to the fixed end, as in Fig. 26. 
This transducer has been used in a 
special torquemeter designed to 


140 


measure automobile steering wheel 
torque; in cradled dynamometers; in 
a line of industrial centrifuges to 
control rate of feed; and as a deflec- 
tion gage. It is also widely used 
aircraft for wind-tunnel studies of 
hinge moments, elevators and rud- 
ders 

The load beam itself is available in 
many types and sizes. The range of 
the smallest model in common use is 
zero to 0.5 lb; of the largest, zero to 
1,000 lb. Ranges above and below 
these limits are entirely practicable. 

The dimensions of load beams can 
be varied within wide limits in ac- 
cordance with the requirements of 
an application. The unit shown in 
Fig. 25 has a maximum range of 
150 lb and a length of 1634 in.; yet 
beams have been built with a maxi- 
mum capacity of 50 lb and a length 
of only 1 inch. 

The compression-type load cell, 
Fig. 25, is used most extensively in 
tank, platform, conveyor, hopper and 
similar weighing. In these applica- 
tions, the load cell is used as a sup- 
porting member for all or a portion 
of the weight of the container. The 
load to be measured can be carried 
by a single cell or distributed over 
several cells. In the latter case, the 
responses of the various cells can be 
automatically totalized as a single 
reading. 

Ranges available include zero to 
2,000, 5,000, 10,000, 20,000 and 50,000 
lb. Calibration accuracy is within 

|, percent of full range at any 
point from zero to 100 percent of ca- 
pacity. Physical dimensions of 2,000 
to 10,000 lb cells are: overall height, 
394 in.; diameter, 3?$ in. For cells of 
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20,000 to 50,000 lb capacities, the 
overall height is 5% in. and the 
diameter 4 inches. 

As stated, the tension type load cell 
is essentially the same as the com- 
pression unit except for the addition 
of means for attaching a tension link 
Thus, it is particularly adapted fo: 
crane weighing, thrust and drag forc« 
measurements, and suspension load 
checks. Ranges and accuracy are the 
same as for the compression load cell 

A combination-load unit is also 
available. This is equipped with fit- 
tings that permit its use either as a 
tension or compression member. 

The torque transducer pickup has 
an elastic member, usually in the 
form of a short shaft, to which strain 
gages are bonded. In a shaft sub- 
jected to torque, shear forces lie 
normal to and along the axis, with 
tension and compression components 
at 45 deg. Since wire gages measure 
only tension and compression, four 
gages are so placed along these 45- 
deg components as to measure forque 
or twist in terms of tension and com- 
pression. The gages are positioned 
and connected into a bridge circuit 
so as to cancel the effects of bending 
and thrust strains, while adding the 
effects of torsional strains. The rela- 
tion between bridge unbalance and 
torsional strain is exactly linear. 

Torque pickups have been built 
for shafts from !4 to 18 in. in diam- 
eter; for zero rpm (to measure re- 
action torque) to 15,000 rpm; and 
from 10 oz-in. to 750,000 lb-ft ca- 
pacity. 

Standard models as produced by 
Baldwin-Lima-Hamilton are avail- 
able in two types. Model A. Fig. 27, 
in which the brush or slip ring as- 
sembly is suspended from the shaft 
by ball bearings; and Model B, 
which the brush assembly is sup- 
ported on a pedestal, machine base 
or other rigid mounting in proper 
relation to the shaft. 

Model A is a self-contained pickup 
and easier to set up. Model B is 
shorter in length, will operate at 
higher speeds and temperatures (due 
to the absence of ball bearings), and 
has an economy in that the same 
brush assembly can be used on two or 
more different sized pickups in case 
they are to be used interchangeably. 

Both models are obtainable in eight 
standard capacities from 100 to 30,000 
lb-in. full scale. Pickups are also 
available with kilogram-centimeter 
ratings which are numerically the 
same as the pound-inch ratings. 

Calibration accuracy is within + 14 
percent of full range in either direc- 
tion at any point from zero to 100 


NOVEMBER, 1952 





ri 





tem) 


CO 


140 | 


O 


Dea 


pn 

pn 
Mo 
sli 
mu 


thé 
5.0 
Re 


tol 








rcent of capacity. The units are 
mperature compensated with a 
commended temperature limit of 
10F for the Model A and 170F for 
ie Model B pickup. 

Operating speed of the Model A 
ckup is limited by permissible 
earing speeds. This limit is 7,000 
pm in the lower ranges, and 5,000 
pm in the higher ranges. For the 
Model B pickup, the limitation is 
slip ring surface speed. Under opti- 
um conditions, surface speed can 
o to about 7,500 ft/min, but since 
these conditions are difficult to attain, 
5.000 ft/min is the nominal limit. 
Recommended maximum speed for 
torque units is 10,000 rpm in ranges 
from 100 to 1,000 lb-in., 12,000 rpm 
n ranges from 2,000 to 5,000 lb-in. 
and 7,000 rpm in ranges from 12,000 
to 20,000 lb-inches. 


Unbonded-Gage Weight Transducer 


As has been true in the other fields 
f measurement, the unbonded strain 
gage is also utilized in transducers 
for the measurement of weight, load 
r torque. These units are manufac- 
tured by Statham Laboratories in 
everal different designs that bracket 
many scale ranges. 

The strain-sensitive element of the 
Statham gage is, as stated, the special 
frame, the armature and four sets of 
resistance wire elements. For the 
lower force ranges, the resistance 

ire itself supplies the elastic stiff- 
ness in the transducer. In this way, 
forces as small as fractions of an 
ounce can be measured and recorded. 
These low-range units are adaptable 
to such applications as gyro pickoffs, 
low-range weighing devices, meas- 
urement of torque in test stands, 
stress-strain diagrams of textile 
fibres and measurement of cantilever 
deflections. 

Transducers for measuring the 
smallest forces are available in ranges 
from + 0.15 to + 5.5 oz full scale, 
with a displacement range of + 0.015 
in. A second group of transducers 
covers the ranges from + 1.5 to + 48 
oz full scale, with a displacement 
range of + 0.0015 in. These two 
groups are specified-with an accu- 
racy and linearity of one percent full 
scale or better, and a resolution of 
0.1 percent or better. 

A third group is available with 
ranges of 25 to 500 lb for the elec- 
trical measurement of tension, com- 
pression, or tension and compression. 
These ranges are particularly suit- 
able in making dynamic recordings 
of force during stress-strain deter- 
minations, breaking-strength tests, 
ordinary load measurements, and in 
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Fig, 28 — The flow rate of coal moving into an automatic separator is 


controlled by a system composed of an SR-4 load beam for measuring 
torque and a Foxboro recorder. H. C. Frick Company 





Fig. 29 — Dynamometer loads developed during tests on aircraft recip- 
rocating engines are measured with SR-4 compression type-load cell 
at lower left. Wright Aeronautical Div., Curtiss- Wright Corporation 
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Fig. 30 — 300,000-Ib compression load cell is permanent part of crane hook. GE 


j has found this to be a simple method of weighing transformers, 

. General Electric Company 
) Fig. 31 — Thirty-two SR-4 tension-type load cells (four shown) were used as links 
. in load harnesses for measuring wing and tail loads in the B-47 bomber. Cells 
» were in series with hydraulic rams pressured by jacks. Boeing Airplane Company 
j ER 
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many other instances where elect: 





cal indication or recording is des 
able. Accuracy and linearity of tl 
group is one-half percent full sca 
with a resolution of 0.1 percent « 
better. 
All of 
tremely small and compact, rangi: 
in overall dimensions from 2!4 by 1 
by ^^i, in. for the first group to 4!1;1 
17?3» by 12?3» in. for the third grou; 
Weights per transducer are: grou 


these transducers are ex 


one, 13%% oz; group two, 212 oz; ar 
group three, 234 pounds. 

For the larg 
forces or weights, Statham incorpi 


measurement of 


rates their unbonded gage in bot 
tension drawbars and proving ring 
These units can be supplied in range 
from less than 100 lb to many thou 
sands of pounds. 

All of the Statham units are seale 
moisture and contaminant 
and will operate within temperaturi 
65 to +200F 
The units have high natural frequen 


against 
limits of approximately 


cies, and show no fatigue after mam 
million cycles of operation in thei 
full range of displacement. 

The transducers manufactured b 
Baldwin o: 


load or torque are suitable for a-i 


Statham for measuring 


or d-c operation, and will functior 
with any of the instruments describe: 
in this article 
periodic 


Thus a continuous o 
weight 
force or torque with respect to tim: 


measurement of 


or operational activity can be re- 
corded. Continuous chart records oí 
equipment perfoi mance under actua 
operating conditions can be obtained 
for setting operational patterns as 
well as for analysis, study or futur« 
reference 

Weighing systems are available fo: 
recording ticket 
on a ledger sheet. Control 
action can be arranged with any of 
the transducers in the form of elec- 
tric on-off, high-low or proportion- 
ing action. Hydraulic or pneumatic 


exact weight on 


tape or 


control action can also be set up in 
various forms. 


Applications of Weight and 
Load Transducers 


The H. C. Frick Company uses 
eight automatically controlled sepa- 
rators to handle 300 tons of coal pe: 
hour in particle sizes up to !4 inch 
The load control system for each unit 
consists of a Baldwin SR-4 load beam ! 
and a Foxboro recorder controller. 

The torque required to operate each 


separator transmits a force against | 
the load beam through a vertical arm 
extending down from one end of a | 


horizontal shaft at the end of the 
machine. The arm is retained loosely 
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Fig. 32— The Baldwin Type T Model A torque pickup is the heart of a simple, yet accurate method of 
determining the horsepower input of centrifugal pumps. Allis-Chalmers Mfg. Company 


by a clevis clamped on one end of the electric cord for connection to the cation of a new type load meter t 
load beam, as shown in Fig. 28 and cell units and a power supply outlet paper mill drye: 

supported by a bracket extending are carried on a rubber-tired hand Installed o: ne ot the w 
from the base of the machine. truck. The indicator has three scales largest combination felt and 


The signal to the control instru- zero to 50 tons, 50 to 100 tons. and board machines, the Dowr 


ment is used to proportion the flow 100 to 150 tons meter has substantially improved th 
rate of material moving into a sep- When two cells are used together quality of control, thus improvit 
arator. If the load exceeds 15 percent to lift a load, each is read independ- thickness uniformity, tensile strengtl 
above normal, the feed is cut off ently, using a switch on the indicator density and finish of paper for U.S 
automatically until the machine has to select the load cell to be read. Gypsum’s Sheetrock wa 
cleared itself. If the load continues to Chief use of this weighing system is  Rocklath plaster board and gy 
increase, not only is the feed cut off to determine the weights of trans- sheathing boaı 
but the machine is stopped. Complete formers for shipping Realizing that it was difficult 
stoppage occurs if the torque load maintain uniform nip pressures wit 
becomes zero, as when a shear pin AIRCRAFT STRUCTURAL TeEsTs. Thirty- existing weighing systems, the Dow 
breaks in the drive. two Baldwin SR-4 tension load cells ington Manufacturing Company de 
were used to measure loads at ex- veloped a system incorp t 


WErcHING DYNAMOMETER Loans. Dy-  treme points during recently-con- standard Baldwin SR-4 tension ty 
namometer loads are weighed by an cluded structural tests of the B-47 load cells. The cell permits d 


electronic system recently adopted at Stratojet bomber. The four cells visi- measurement of roll load thus « 

the Curtiss Wright Plant in Wood- ble in Fig. 31 were used as links in nating all pin and knife eds 
Ridge, New Jersey. Fig. 29 shows a the main trunk of several equalizing tion, eccenti and misalignment 
Baldwin SR-4 compression type load load harnesses for measuring wing loads, friction of piston packing 
cell at the left under the column and tail loads, and in other structural glands, piston leakage, and th« 
linked to the arm of a 3,000 hp members for measuring fuselage, accuracies of ordinary Bourdon type 


cradle-type dynamometer used for empennage, door and reaction loads gi 


iges 
full scale tests of aircraft reciprocat- totaling more than 700,000 pounds 
ing engines. SR-4 load cells have also All loads were read at a central point ToRQUE MEASUREMENT IN PuMP Tt 
been adopted at Wood-Ridge for on two self-balancing indicators ING. To better the convenience 
measuring the thrust of turbo-jet Most of the 32 cells were installed speed of performance measurement 
engines in series with hydraulic rams pres- made in designing pumps, the Wortl 
sured by manually-operated jacks ington Pump and Machinery C 
j ELECTRONIC CRANE SCALE. Strain gage The cells have capacities of 20,000 ration has supplemented dynan 
compression load cells of 300,000 ]b 50,000 and 100,000 pounds eters with bonded strain gage 
capacity are permanently installed in measuring instrumentation. Couple 
each of two crane hooks at GE's AuToMaTIC CONTROL OF DRYER ROLI to the drive shaft, the Baldwin Type 
| transformer plant. Loan. Closer automatic control in T Model B torque pickup provide 
The load cell in Fig. 30 occupies paper making, faster production, im- — àn accurate and continual indicatior 
only 9 in of head room. A portable proved paper q lality and reduced of torque and power ae ered to t! 
weight indicator, accessory reels of costs have resulted from th« appli- pump Ay] rtable elt -contain« 
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Fig. 34 — Extreme accuracy of this external comparator de- 
pends upon a special measuring element containing a strain 
gage bridge. Readings in range from 0.0001 to 0.00001 in, can 
be taken on amplifier scale. Brown & Sharpe Mfg. Compan; 
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Fixed member 
: Gages A and D 


' 
Lead wires 


(b) Measuring element in mount 


Fig. 35 — Measuring element (a) used in Brown & Sharpe in- 
struments has gage-bearing plate held in curved position (b) 
between fixed and moving members, Normal operating range 
of element is beyond "knee" of force-deflection curve (c) where 
ratio of force change to deflection is smallest. 


dicator calibrated in pound-feet is 
wired to the pickup. 

A similar application of the Bald- 
win Type T Model A torque pickup 
is shown in Fig. 32. Allis-Chalmers 
Manufacturing Company uses this 
simple yet accurate test procedure 
for determining the horsepower in- 
put of centrifugal pumps. Formerly 
a calibrated motor was used. 


MEASUREMENT OF TAPPING TORQUES. 
A novel method of producing contin- 
uous records of torque throughout a 


Displacement 


Displacement can be measured 
manually with rules, tapes, dial gages 
and calipers, or automatically by 
pneumatic and electrical methods. It 
is in this latter group that the strain 
gage plays a useful and accurate part 

Transducers 
gages 


incorporating 
available for 


strain 


are measuring 


PRODUCI 
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Strain gages on thin steel plate 


Goges B and C 





| «- Gaging(moving) 
! member 


stroined elements 


Resisting force of 


two-year tap torque testing program 
has given the Greenfield Tap and Die 
Corporation complete and accurate 
histories of tapping cycles 

Twist is measured by the Baldwin 
SR-4 Torquemeter shown in Fig. 33 
and the varying tap torque recorded 
by a high-speed direct-writing os- 
cillograph on a paper strip chart 
These records are the basis for de- 
termining the effects of such design 
variables as rake and relief, as well 
as such operating conditions as speed, 


lubrication and rate of wean 


Transducers 


both linear and angular accelerations 
linear displacement, velocity and vi- 
bration. In addition, strain gages are 
the heart of such measuring tools as 
(deflection indica- 
tors), external and internal compar- 


extensometers 


ators, various types of gaging equip- 


ment, inspecting and sorting ma- 





Electrical 
connection 


Bridge supply 





(c) Force-deflection curve 


chines and physical testing machine 


Bonded strain gages are the basis 


of a complete line of electronic di- 
mension-measuring equipment made 
by the Brown & Sharpe Manufactur- 
ing Company of Providence, Rhod 
Island 

Requirements as set up by this 
company for the 
included 


stability 


1 
measuring element 
1 


linearity 


drift) 


high 


sensitivity 


(freedom from low 


operating pressure, freedom fron 


internal thermal effects, a low spring 
constant and a simple vet sturdy de- 
sign of small physical dimensions 
The external comparator illustrated 
in Fig. 34 provides a reliable means 
for taking external measurements 
electronically in units varying from 
0.0001 to 0.00001 
The measuring 
comparator, Fig 
bonded 
thin tempered 
thick, !5 in 


inch 

element in th 
35(a) contains fou 
strain mounted on a 


0.010 in 


wide and 1?4 in. long. As 


gages 


steel core 


in other transducers, the gages are 
connected in the form of a bridge 
circuit 

The diagram Fig 55 (Db) now 
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Fig. 36 — Cartridge-type displacement transducer can be screwed or 
| clamped in position. Most of the energy exerted on gage element by 


the spindle is counterbalanced by the spring, 


force to be measured. 


how the gage assembly is held in a 
| curved position between a fixed 
member and a moving or gaging 
member. Movement of the gagıng 
member compresses the gage unit 


endwise, causing a compressive strain 


on the two upper gages and tensile 
train on the two lower gages. Thus, 
the gage 
lender column under a load suffi- 

deflection. It is de- 
operate in the 
"knee" of the force-de- 
lection curve, Fig. 35(c), where the 
to deflection is 


assembly is, in effect, a 


cient to cause 
signed to region 
beyond the 
f 


atio of force change 


11 
mallest 


leaving a small net 


Brown & Sharpe Mfg. Company 





As the 


parator 1s 


gaging point of the com- 
deflected, the minute 
changes in the electrical resistance of 
the bridge circuit create voltage sig- 
nals, which are amplified to operate 
the indicating meter. Line voltage 
fluctuations within the range from 
105 to 125 v do not affect readings. 
The gage-signal amplifier is shown 
in Fig. 34. The sensitivity potentiom- 
eter near the center of the panel has 
a graduated dial on which commonly 
used values of each graduation are 
scribed in decimals of an inch. The 
5/32 in. wide graduations provide a 
total magnification of gage movement 
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from 1,800 at minimum sensitivity 
to 18,000 at maximum sensitivity. 


Adaptations of Displacement 
Transducers 


The following illustrations demon- 
strate some of the uses to which this 
displacement type strain gage unit 
has been applied. Many applications 
incorporate a general-purpose cart- 
ridge transducer, a sectional view of 
which appears in Fig. 36 with wiring 
omitted. The gage unit is acted upon 
directly by the measuring spindle 
which is supported by flexible dia- 
phragms to eliminate friction and 
bearing looseness. Most of the force 
required to deflect the gage is bal- 
anced out by an opposing helical 
spring leaving a small net force to be 
measured. These components are en- 
closed in a cylindrical steel body 
having a diameter of 1!4 in. and an 
overall length of 5!4 inches. 

The cartridge is easily clamped in 
position or can be screwed into a 
hole on the threads provided. Final 
adjustment is made with the zero 
balancing potentiometer in the am- 
plifier. 

One of the many applications for 
this transducer is in an instrument 
used to measure the pitch of helical- 
wound wire on flexible cable while 
it is moving. Variations in pitch cause 
a relative displacement of follower 
gears, in turn causing an arm to rise 
or fall and act on a cartridge indi- 
cator. 

Another application is in special 
equipment for sorting parts into size 
categories for selective assembly. The 
particular machine shown in Fig. 37 
checks tapered roller bearings for 
taper and sorts the parts into six size 
categories. Three cartridges and an 
amplifier are used. Sensitive instru- 
ment-type relays are tripped at pre- 
determined current values of am- 
plifier output, indirectly causing so- 
lenoid to position a chute and direct 
the part to the proper container. 

These displacement-type transdu- 
cers have the advantage of eliminat- 
ing differences in measurement re- 
sulting from the human “touch” or 
"feel" because measurements have the 
same accuracy whether taken by one 
or several different operators. In ad- 
dition only one gage block or master 
is needed to make a setting with 
these instruments. This is possible 
because of the true linear response 
of the measuring system with result- 
ing accurate calibration of the scale. 

Gaging fixtures that perform spe- 
cial functions and simplify taking 
measurements to extremely close 
limits can be developed. Such fix- 
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Fig. 38 — Measuring head on machine that measures inside diameters of a gun recoil cylinder has 


strain gages bonded to small cantilever beams. Intensity of gage signals determines whether ID of 
cylinder is *over" or *under" standard ring diameter. 


tures could be designed so that sev- 
eral instruments indicate simultan- 
eously either as an average, com- 
bined or individual reading. 

Gun Recor CvrLiNDER GAGING Ma- 
cHINE. The gaging machine shown in 
Fig. 38 was built by Ruge-de-Forest 
of Cambridge, Mass. for meas- 
iring the inside diameters of a recoil 
ylinder to a guaranteed accuracy 
if better than —-0.0005 inch. 

The cylinder rests in two V -blocks 
mounted on a translating carriage. 
The measuring head is made up of 
strain gages bonded to small canti- 
lever beams that “feel” the inside 
diameter of the cylinder as it is 
moved along the bed of the machine. 
The head can be revolved by the ro- 
tating mechanism at the left end of 
the machine so as to check for ellip- 
ticity. 

In operation, the measuring head 
first “feels” the standard ring gage 
mounted on the carriage, at which 
point the “over-under” indicator is 
set to read zero. The head then enters 
the cylinder and the indicator shows 
the “over” and “under” size from 
the standard ring diameter as the 
head is rotated through the bore. 
Each small division on the indicator 
is 0.005 in. and range is —- 0.023 inch. 

The retracting mechanism prevents 
the nylon-tipped gage feelers from 
touching except at the instant a 
measurement is made. In this way, 
a two-microinch surface can be 
gaged without its being damaged. 


inc 


TENsiLE TEsTING MacHiINE, The In- 
stron Engineering Corporation of 
Quincy, Mass. has incorporated 
bonded strain gage transducers in the 
measuring system of their tensile 
testing machine. The unit is built to 
measure accurately, over a wide 
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range of conditions, the load-elonga- 
tion properties of materials ranging 
from the finest single textile fibers 
to complex plastics and rubbers. It 
is also well suited for tear testing of 
fabrics and plastic films where the 
magnitude and rapid variations of 
loads are detected in a low-inertia 
system 

The tester, Fig. 39, has controls for 
operating the pulling jaws at the 
right and the recording instrument 
at the left. A typical strain gage load 
cell and bayonet coupling for the 
upper or fixed jaw are shown in the 
insert 


pee a» 


Fig. 39 — Interchangeable load 
cells provide four measuring 
ranges from 10 grams full 
scale to 1,000 Ib full scale in a 
tensile machine designed for 
testing load elongation prop- 
erties of fibers, plastics and 
rubbers. Insert shows bayonet 
coupling and typical load cell. 


Instron Engineering Corporation 
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Watertown Arsenal 


An 


used for detecting and rec 


electronic weighing system is 
rding the 
load applied to the sample under test 
The primary measuring elements are 
cells that 


provide four measuring ranges ex- 


the interchangeable load 


tending from ten grams full scale to 
1,000 ]b full scale in 


Calibration of 


twenty 
the cell is simply 
and easily performed through the use 
of weights. In 


teps 
step 


addition, electrical 
adjustments are provided to com- 
pensate for variations in the weight 
of the different pulling jaws and fo: 
the weight of the sample itself 


1 1 
Load variations produce electrical 
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Fig. 40 
apart before rupture finally occurs 


gnals that are amplified to operate 


1 graphic recorde: The 


nt recorder IS synchron- 

d en at various speed ratios 

h respect to the pulling jaws so 

t the resulting trace is an accurate 
id -elongation curve of the material 
Tyr i f tests conducted on this 
ent the determination of 

he tensile characteristics for high- 


iie pape a material of low exten- 
bility requiring high magnification. 
Rupture à hown in Fig. 40, does 


but, instead, 


s are pulled apart 
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Unbonded-Gage Displacement 
Devices 


The D »tatham transducer el - 

t ised in pressure flow or 
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Tensile test of high-grade paper shows fibers are gradually pulled 


1 
produces an electrical signal propor- 


tional to the displacement or velocity 


of the mass with respect to the case. 


The construction of a Statham ac- 


celerometer 1s 


mechanical 


1 $1 
elastica 


yne end 

Four sets 
connected as 
above and be 


system 


shown in Fig 


consists 


a bridge are 


41. The 


of an 


y suspended mass hinged at 
to a cantilever flexure plate 


f resistance wire filaments 


strung 


low the mass and ar- 


ranged to provide the elastic support 
When the mass is dis- 


lor the mass 


1 j 
placed 





i 


in a direction normal to the 


. 41—Statham accelerometer has a mass hinged at one end to a 
flexure plate. Four sets of filaments connected as a bridge 





two sets of filaments a 
stretched, while the other two co: 
tract. Since the resistance of the fil: 
ments depends upon their lengtl 


the pairs of filaments are caused t 


Dase, 


change in resistance equally and oj 
positely. The case is usually fill. 
with damping fluid after being eva: 
uated and expansion 
with elastic diaphragm is provided 1 
permit fluid volume 
temperature. 

The natural frequency and ran; 
of the accelerometer is determine 
by the mass, and the elasticity of t! 
strain filaments. Since the pick 
these 
sensitive to displacement, 


an chamb: 


change wit 


accelerometers 
the el 
trical output is a linear function « 
the applied acceleration as long : 
the frequency of the applied accel 4 
ation is about half tl 
natural frequency of the meter 

As the range of the acceleromet: 
depends upon the weight attached t 
the armature, and the number a: 


system in 


less than 


diameter of strain sensitive wires b 
which it is supported, a wide sele 

tion of ranges can be obtained. A« 

celerometers have been constructe 

0.5 G and : 

1,000 G. Actually, it is pos- 
to extend 
indefinitely. 


with ranges as low as 
high as 
sible these limits alm: 
Statham accelerometers are madi 
in a wide variety of designs for eac! 
of the many fields requiring instru 
for 
and vibration. The resistive nature « 
the balanced four-arm bridge of th: 
unbonded strain gage type permit 
its use in either a-c or d-c circuit 


ments measuring acceleratic l 


so that different types of recordin 
or indicating systems can be adapted 
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Fig. 1—Methods of bearing retention. 
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Axial Thrust Bearings 


Design criteria for retaining bearings in housings by means of a lip roll swaged around 
circumference of the housing bore. Results of an investigation that included press swag: 
ing, friction spin swaging, and roll swaging both ductile and notch sensitive materials. 


C. H. AVERY and A. G. BRISACK 


Process Engineers, Northrop Aircraft, Inc. 


PROMPTED BY THE NEED for valid 
design data covering the effectiveness 
of different methods for retaining 
bearings in housings, the bearings 
being subjected to axial thrust loads, 
a program of tests and study con- 
ducted at Northrop Aircraft has 
yielded much pertinent engineering 
information associated with the swag 
ing methods of retaining bearings. 
Where space is available for their 
application, snap-ring and screw-in 
ring constructions, Fig. 1(A) and 
(B), offer no serious design and pro- 
duction problems. The dimensional 
values and the physical properties such 
as yield, tensile and shear strengths 
of the materials determine the retain- 
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ing strength of the construction. The 
program was limited, therefore, to the 
investigation of swaging methods that 
could be used where space is insuffi- 
cient to install snap-rings and screw- 
in rings. 

Tests were conducted from which 
data were obtained on bearings re- 
tained by press swaging, friction spin 
swaging, and roll swaging. These 
data indicate that press swaging and 
friction spin swaging are unsatisfac- 
tory for retaining bearings in any but 
the more ductile materials such as 
24SO aluminum, 75SO aluminum, and 
steel of 125,000 psi tensile strength 
or less. 

These data also indicated that the 


roll method, when housing 
grooves and rolling tools are properly 
proportioned, is reliable and practical 
for retaining bearings in ductile mate 
rials, and in the more brittle and 
notch sensitive materials. 

In exploring the possibilities of 
press swaging, housings of 165,000 
psi tensile strength steel, 75ST alumi- 
num, FS-1h magnesium wrought al. 
loy, and an aluminum casting alloy 
were machined with a groove as shown 
in Fig. 2(A). With the simple press 
type tools shown in Fig. 2(B) and 
a Universal testing machine, 1.750 in. 
diameter bearings were swaged into 
the several housings. 

Press swaging the ring of pr 
grooved material around the b aring 
was successfully performed wiih hous- 
ings of ductile steel and the annealed 
aluminum alloys. In housings of 75ST 


swage 
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Fig. 2—Press swage process for retaining bearings in 
housings. (A) Machined groove in housing. (B) Press 
swage tool, housing and bearing. (C) Swaged housing 
ting and bearing. Push-out loads were satisfactory. 


Fig. 3—Set-up for friction spin swaging using a drill 
press. Hard housing materials cut grooves in tool. 


Fig. 4—(A) Housing and tool relationship prior to roll 
swaging. (B) Housing ring and bearing after swaging. 


Fig. 5—Standardized dimensions and tolerances 
adopted for retaining bearings in housings by roll 
swaging. Table I relates data with specific metals. 
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¢ . ET D-inside diameter of 


aluminum, FS-1h magnesium, and the 
casting alloys, however, the ductility 
was not sufficient to withstand the 
bending stresses induced by press 
swaging at the root of the groove. 
The rings consequently cracked in 
these areas 

The push-out load results obtained 
with press swaging were high for the 
ductile materials, thus indicating that 
swage retention would be applicable 
for most retained bearings if a method 
satisfactory for all commonly used 
alloys could be developed 

Since only a small area of the groove 
is under pressure of the tool during 
spin swaging, it was surmised that 
in spin swaging the bending stresses 
in the groove area beneath the tool 
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— C= Basic beoring 


F Ring thickness 


diameter 


would be less than those when the 
whole ring is pressed swaged. 

Exploratory tests of spin swaging, 
therefore, were next made. Using 
similar materials, bearings, and groove 
design as those used in the press 
swaging tests, housing rings were 
swaged over bearings with a friction 
type tool, Fig. 3, mounted in a drill 
press. 

Spin swaging was not satisfactory 
when tried using a friction tool. In- 
stead of swaging the housing material 
over the bearing, the tool ‘ace, of 
hardness Rockwell C-61, was grooved 
by the stronger and harder materials 
such as 165,000 psi tensile strength 
steel and 75S-T6 aluminum. On softer 
materials such as 75SO aluminum, 





housing ring after 
swaging 


~Beoring 


FS-1 wrought magnesium and H-HI 
magnesium castings, spin swaging was 
accomplished satisfactorily except that 
excessive galling occurred on the face 
of the housing ring. 

From the spin swaging tests, it was 
concluded that: 

1. A roller type swaging tool would 
be necessary to produce satisfactory 
parts. 

2. The tool face angle necessary for 
optimum swaging conditions must 
determined. 

3. The limits must be determined 
for depth and width of ring groo: 
for angle of groove taper from t 
to root, and for thickness of ring 
root of groove to achieve satisfact: 
resistance to axial loads. 
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Table I—Design Data for Roll Swaging Process of Retaining Bearings 





Tolerances on dimension A for all materials are + 0.005 and — 0.000 
: For permissible reswaging, tolerances on dimension E for all materials are + 0.001 and — 0.001 

For permanently installed bearings, tolerances on dimension E for all materials are +0.0025 and — 0.000 

A tool face angle as shown in Fig. 5 is used with these design data 






Groove 
Material 

















Chamfer 


Lip Design Load 
width, per in. of housing 
E diameter, Ib 


; Reswaging Permissible 














Permanently Installed 





Lip Design Load 
width, per in. of housing 
E diameter, Ib 




























Aluminum 0.060 to 0.035 
(75S-T6) 0.034 or less 660 
Magnesium 0.060 to 0.035 260° 
(FS-Ih) 0.034 or less 
Steel* 0.060 to 0.035 1020 

0.034 or less 1270 
Al Casting 0.060 to 0.035 260 
(356-T6) 0.034 or less Retention not possible 
Mg Casting 0.060 to 0.035 0.005 350 
(H-HT) 0.034 or less Retention not possible 
Steel Casting 0.060 to 0.035 t 
(SAE 4130) 0.034 or less STER dete 

























0.0125 1730 
0.0075 1410 
0.0125 650 
0.90075 520 
0.0125 2540 
0.0075 2040 
0.0125 650 
0.0075 520 
0.0125 860 
0.0075 630 
0.0125 


0.0075 Have not used to date 





*SAE 4130 (165,000 to.185,000 psi) ; SAE 4140 (185,000 to 200,000 psi) ; SAE 4340 (200,000 to 220,000 psi). 





i. The effect of bearing diameter 
on the unit push-out load must be 
nvestigated. 

5. Push-out loads obtained were 
sufficiently high to allow the use of 
the swaging method to retain all or 
nearly all bearings even if misaligned 
or subjected to vibrational axial loads. 

Further tests were then conducted 
using a roller type tool, Fig. 4, using 
either a lathe or a mill, to determine 
the optimum conditions for roll swage 
retention of bearings. Housing diame 
ters ranged from 0.750 to 3.5 in. All 
commonly used wrought and cast 
materials were investigated to deter- 
mine the design characteristics. 

A seriés of tests were made in which 
the tool face angle was varied from 
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W * housing width 
/ 


/ 


For chomfer depfh B less 


Fig. 5 


45 to 70 deg. In these tests, cracking 
of the ring as a result of bending 
stresses occurred in the less ductile 
materials such as 75ST aluminum and 
FS-1h magnesium. At 70 deg face 
angle, the tool clearance was insuffi- 
cicnt with some types and diameters 
of bearings. A tool face angle of 
60 deg to the housing bore axis was 
determined to be the optimum 

The ring groove on some specimens 
was tapered from top to bottom, on 
others its sides were parallel. Crack 
ing occurred for the less ductile mat: 
rials when parallel sides were used 
The optimum ring shape was one in 
which the groove sides tapered 50 
deg from top to root, forming a 60 
deg included angle 
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; For chomfer depth B greot- 
! er thon 0.016 in; WH 15000 


than OOI6 in W «(HOO Seon 


0.125 (minimum) 
R "QOS 


C=basic bearing 
diameter 





Detail (I) 


Using this optimum tool face angle 
and this optimum ring shape, tests 
were then made using only 75ST 
aluminum in which the thickness F 
of ring, the depth A of the groove, 
and the width E of the swaged lip, 
Fig. 4, were varied to determine the 
optimum dimensional limits 

Since ring thicknesses in the range 
of 0.015 to 0.040 in. were found to 
be satisfactory physically and metal 
lurgically, a ring thickness of 0.02! 
to 0.025 in. was selected as the opti 
mum standard dimension for design 

A maximum groove depth of 0.050 
in. was consistently satisfactory metal 
lurgically An amount of rolling to 
swage a lip of 0.025 in. wide wa 
satisfactory metallurgically and physi 
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cally for the samples tested. Shear 
type swaged ring defects occurred 
when the width of the ring lip was 
increased beyond 0.025 in. To give 
a safety factor to account for the 
limited number of tests and variation 
in materials, a value of 0.015 in. was 
set for the maximum amount of lip 
width. 

Using the standardized dimensions 

and tolerances given in Figs. 4 and 5 
and Table I, several specimens each 
of SAE 4130 steel (165,000 psi), 
SAE 4340 steel (200,000 psi), 
T6 aluminum, FS-1h magnesium, SAE 
4130 cast steel (165,000 psi), 356-T6 
sand cast aluminum, and H-HT sand 
cast magnesium were rolled swaged 
over bearings ranging from 0.75 to 
3.50 in. dia. The retained bearings 
were then loaded axially and the 
failure loads of the swaged rings 
recorded. 

In addition, a series of identical 
tests were run on 75S-T6 aluminum 
roll swaged housings to determine thc 
variation in failure loads. 

On the basis of these tests, a safe 
design load for roll swaged bearings 
was determined to be 


Design Load = Failure Load/1.5 


It should be noted, however, in 
designing to the roll swage process 
that the manufacturer's rated thrust 
load for any bearing must first bc 
considered and then the design load 
for the roll swage process. Whichever 
is the lower load should be used for 
design. 

After evaluating all tests, data wer: 
compiled from which the dimensions 
for design and fabrication as given 
in Table I and Figs. 4 and 5 were 


sct up as being satisfactory for bear 





Fig. 6—Metallurgical characteristics of roll swaged sections of housing rings. 


ings retained by the rell swaging 
process. Note that the design loads 
as given in Table I are pounds per 


inch of housing diameter. The values 


given are applicable to any diameter 


of housing bore. 


In making a complete metallurgical 
cxamination, roll swaged specimens 
for all conditions of the tests were 
examined for cracks, metallurgical de- 
fects and microstructure. On the ex- 
ploratory tests, cracking and shear 
defects were encountered as previously 
discussed. On all cracked rings, evi- 
dences of a cold forged structure such 
as deformation bands were few, indi- 
cating that little forging and mostly 
bending had occurred. 

Metallurgical examination of cross- 
sections of roll swaged bearing hous- 
ing rings that were made to the final 
standardized dimensions given in 
Table I show a sound  swaged 
(forged) microstructure free from 
cracking or other defects. 

A typical cross section (35X) of a 
roll swaged housing ring, 0.050 in. 
deep, is shown in Fig. 6(A). This 
micro photograph reveals a satisfactory 
cold forged structure for permanently 
installed bearings. 


In Fig. 6(B), a typical cross section 
(SOX) is shown of a roll swaged 
housing after the bearing was pushed 
out. This housing was machined to a 
ring depth of 0.025 in. This housing 
is satisfactory for replacing the bearing 
and reswaging. 

The 250X micrograph of the 
swaged structure shown in Fig. 6(C), 
reveals extensive deformation banding. 
These bands are too fine to be detected 
in the other lower power micrographs. 

In Fig. 6(D) is shown a typical 


(A) Typical structure for permanent installati: 





shear defect (35X) that occurred w hep 

the housing ring was swaged to a ring 

lip width greater than 0.025 inch 
Conclusions 

The roll swage method of reta 
bearings is readily adaptable to 
duction on a vertical or horizontal 
mill. The set-up requires only one 
tool and tool holder to cover all diam. 
eters of bearings. For each 1.D. oj 
bearing, however, a separate locat 
plug is needed to position the bear 
and housing in the work holding fx 
ture. 

After three years production exper 
ence, this process has been found to 
be highly satisfactory, with minor ex 
ceptions. Manufacturing difficulties, 
were experienced in obtaining a coi 
trolled amount of swaged lip. A: 
present, therefore, all parts incorpo 
rating the roll swage method arc de 
signed so as to allow replacement oí 
the whole bearing unit rather than the 
bearing itself. 

It is present manufacturing prac 
to roll the lip over as far as possible 
by operator feel until excessive resist 
ance is felt. This technique has been 
found satisfactory for all materials 
listed in Table I. However, in the ini- 
tial production of some H-HTA cast 
ing parts with roll swaged bearing 
housings, an excessive number of 
swaged rings cracked during swaging 
As a result, the use of H-HTA cast 
ings in roll swage applications has 
been discontinued. 

The roll swage method as discussed 
in this article for retaining bearings 
has proved to be satisfactory in the 
brittle and notch sensitive materials as 
well as in the ductile and easily swaged 
materials used for bearing housings 


ug 


ng 


of bearings. (B) Typical structure after bearing push-out, which was found to be satisfactory for reswaging. (C) Deformatio» 
banding as a result of cold forging during swaging. (D) Shear defect that occurs with extreme swaging. 
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Fig. 1—Products fabricated from copper-clad aluminum include radiator fins, wave guide tubing, and cable connectors, among others. 


omposite Metals: 
A New Key to Design Flexibility 


Metallurgically bonded metal combinations can be used to overcome many 


of the engineering limitations of single metals and to conserve critical and 


high cost materials. A large variety of composites are now available. 


JEROME OTTMAR 
Manager, Engineering and Sales 
General Plate Division 
Metals & Controls Corporation 


THE METALLURGICAL BONDING Ot 
practically any combination of malle- 
able metals is now possible through 
recent progress in the development of 
new metal bonding techniques. These 
composite metals provide a new group 
of engineering metals with (1) com- 
binations of desirable engineering 
properties many of which are not 
available in single metals; (2) in- 
creased overall strength; (3) decreased 
material weight; (4) improved fabri- 
cating characteristics; (5) fewer criti- 
cal alloys; (6) lower cost. 
Composite metals, sometimes refer- 
red to as clad metals, bimetals or 
trimetals, sandwich metals, and occa- 
sionally as laminated metals, consist 
of two or more single metals insepar- 
ably bonded—usually under heat and 
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pressure 
each layer of uniform thickness. Som 
of the composite metals commercially 
available today include: 


to provide a material with 


(a) Aluminum base composites 

(b) Iron and steel base composites 

(c) Stainless steel clad-metals 

(d) Special spring materials 

(e) Brazing metal cladding 

(f) Thermostat metals 

(g) Rare metal and precious metal 
clad materials 

(h) Lead clad metals 


Aluminum Base 
Materials 


Aluminum is ideal for the base or 
backing metal for composite metals 
because of its light weight, ductility, 
high thermal and electrical conductiv- 
ity, good corrosion resistance, and its 
availability. 

Aluminum with copper clad on on 


or both sides is one of the most inter- 
Until recently it 
was principally usc d by the manut 


sting combinations 


turers of split bolt and washer type 
onnectors for aluminum conductors. 
Previously the aluminum cabling ter- 
minated in conventional copper switch 
gear; galvanic couples resulting at the 
junction 


lems. Washers or shims made 


used severe corrosion prob 
trom 
the single-clad materials alleviate this 
problem. The aluminum side contacts 
the aluminum cabling and the copper 
side contacts the copper terminal of 
the switch gear. With the trend to 
ward the use of aluminum for current 
arrying applications this copper-clad 
material is providing the solution to 
many termination problems 

In the electronics field copper-clad 
aluminum is a preferred material for 
omponent housings or cases, chassis, 
and inter-chassis frames. It can be 
readily worked in production and its 
light weight is particularly important 
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for aircraft equipment. The copper 
provides an ideal surface for the soft- 
soldering operations used in ground- 
ing, sealing of component cases, secur- 
ing of brackets to cases, and similar 
operations. Also the single or double- 
clad copper surface provides a base 
for further finishes or electroplating. 

The thermal conductivity and light 
weight of copper-clad aluminum also 
make this material advantageous 
for use in heat transfer assemblies, con- 
densers and similar applications. 
Other uses include electrical connector 
blades and parts, emblems and similar 
»roducts fabricated by coining, bus 
vars, and stamped circuits for elec- 
tronic equipment. 

Tin-clad and zinc-clad aluminum 
have only recently been put into pro- 
duction. These materials have the 
basic characteristics of aluminum and 
provide a nonporous surface of tin or 
zinc for use as a soft solder. 

Light weight contact components re 


quiring no flexing are fabricated from 
silver-clad aluminum—the silver sur- 
face layer being a preferred contact 
material. In this instance weight is 
minimized and the overall material 
cost is reduced since precious metal is 
used only at points of contact. One 
typical application is a small contact 
or stylus that moves about the silver 
surface of a large stationary contact 
fabricated from silver-clad aluminum. 

Composite metal tubing is fre- 
quently used for rectangular wave 
guide tubing for electron transmission 
lines. Aluminum base metal can be 
specified to keep the weight of the 
wave guide tubing to a minimum. A 
fine silver lining with a polished sur- 
face provides efficient electron trans- 
mission. Silver-lined aluminum tubing 
can also be supplied with a thin layer 
of copper clad to the outside of the 
tube to facilitate soft-soldering opera- 
tions. An equivalent silver-lined brass 
tubing is also manufactured. 


Ferrous Base Metal Composites 


Aluminum-clad steel, combining the 
surface characteristics of aluminum 
with the physical and mechanical prop- 
erties of steel, frequently replaces 
other materials because of its proven 
heat-reflective and heat-resistant prop- 
erties, and its ability to resist corrosion 
at elevated temperatures 

Heat exchanger tubes, liners and 
component parts for space heaters, 
water heaters, and ranges, aircraft fire 
walls and toaster inner parts are a 
few typical applications. It is presently 
being considered as a replacement for 
copper-alloy shrouds on lamp-base 
sockets for outdoor fixtures. In this 
case the aluminum surface resists at- 
mospheric corrosion and the steel back- 
ing provides sufficient strength to al- 
low a substantial reduction in the 
gage of material required. 

Aluminum-clad low carbon steel 
strips are used to replace pure nickel 
in many electron tubes. This material 
has proven comparable to pure nickel 


for many electron tube parts and 
has also reduced cost. It is more eco 
nomical than nickel and its lower 


density gives about 30 percent more 
parts per pound. Further cost reduc- 
tion is obtained by the removal of the 
carbonizing operation required on some 
nickel parts. The clad material is sup- 
plied with a matte finish that provides 
maximum radiation properties after 
parts are ""blackened" by firing. The 
radiation coefficient of the “black- 
ened” material is about 85 percent 
of a black body. 


For some electronic tube parts thc 
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requirements call for a thin nickel 
layer on one side of the material. This 
material is a low carbon steel with a 
10 percent cladding of aluminum on 
one side and 10 percent pure nickel 
on the other. Another material has a 
thin nickel layer on both sides. 

Clad steel bullet jackets have re- 
placed solid gilding metal (90 percent 
copper-10 percent zinc alloy) and 
solid cupro-nickel (80 percent copper- 
20 percent nickel alloy) jackets mak- 
ing available large tonnages of copper. 
zinc, and critical nickel for other pur- 
poses. For this application, gildine 
metal is clad to both sides of a stecl 
core. Several steel companies have pro- 
duced this composite metal for small 
arms ammunitions. Present clad bil- 
lets of 2,000-3,000 Ib permit high 
yield of usable material in fabrication. 
Processes for separating the steel and 
copper alloy cladding permit salvage 
of steel and copper from the scrap. 


Stainless Clad Metals 


Stainless-clad copper combines the 
high thermal conductivity of copper 
with the high temperature and corro- 
sion resistance of stainless. The ther- 
mal conductivity of solid stainless is 
onc of the poorest of all constructional 
metals, although the high tempera- 
ture and corrosion-resistance properties 
are good. Stainless-clad copper posses- 
ses a much higher thermal conductivity 
than solid stainless and eliminates the 
formation of hot spots at the point of 
heat concentration. Tests have shown 
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that a 25/50/25 thickness ratio of 
double-clad stainless on copper pro- 
vides an apparent lateral conductivity 
higher than solid copper. This point 
is explained by the fact that the stain- 
less cladding is a partial heat insulator. 
The heat, therefore, is unable to dis- 
sipate as rapidly at it does with solid 
copper. Cooking utensils, ironers, and 
simliar products are typical applica- 
tions where stainless-clad copper is 
desirable for uniform heat transfer. 
In other applications such as jet engine 
or gas turbine components, exhaust 
manifolds, and similar parts, the cop- 
per core is desired to increase lateral 
heat flow and prevent hot spot forma- 
tions which might cause cracking or 
buckling. 

Stainless-clad aluminum also has 
high thermal and corrosion resistant 
properties and its further development 
shows promise for many applications. 

Stainless-clad low carbon steel is a 
low cost combination and is used in 
applications requiring the corrosion 
resistance of stainless steel. 

There are some bearing applications 
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Table I—Properties of Various Grades of Copper-Clad Aluminum 
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in which an aluminum bearing allo: 
is desirable but its low strength has 
made it unsatisfactory. A new com- 
osite metal consisting of aluminum 
seth alloy clad to a steel backing 
metal provides the required strength 
and fatigue resistance and yet main- 
tains the aluminum alloy properties on 
the bearing surface. 


Spring Metals 


There have been some new develop- 
ments on composite materials for 
spring components. One material con- 
sists of grade C phospher bronze in- 
tegrally bonded to both sides of a 
copper core for conductive-spring 
members. Copper is desirable for its 
high electrical conductivity but is 
unsatisfactory as a spring material. 
Phosphor bronze offers high tensile 
strength and fatigue resistance, but its 
conductivity is only 11 percent that 
of copper. The composite provides a 
combination of good conductivity and 
good spring propertics. 
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This new composite metal proves to 
be of greatest value in applications 
where it is desirable to increase th: 
conductivity of the spring member and 
still not increase its cross-sectional 
area. In turn, for any given conduc- 
tivity, a reduction in cross-sectional 
area and savings in material or space 
are obtained. A 25/50/25 thickness 
ratio has been predominant to date. 
Specification of other thickness ratios 
depends on the balance of conductive 
and fatigue resistant properties re- 
quired by the part 

Copper clad to one or both sides of 
hardenable carbon steel is one of the 
latest composite metals put into pro- 
duction for spring applications. This 
material compares to beryllium copper 
in many respects, but with somewhat 
lower fatigue resistance. Its primary 
advantage is lower cost. 

The electrical conductivity of cop- 
per-clad hardenable steel depends 
principally on the thickness of the 
copper-cladding. Ratios of thickness 
for the copper-double-clad on harden 
able steel can be produced to offer 
195 





higher electrical conductivity than ber 
yllium copper when the same overall 
thicknesses of materials are compared 
Also, the stiffness is higher for copper 
clad hardenable steel than for beryl 
lium copper. Typical applications ar 
fuse clips, thin blade or spiral type 
springs, and clips uscd for electrical 
connectors not subjected to frequent 
arcing. In other applications, such as 
pen and pencil clips, the thin layer of 
copper provides a good surface for 
decorative electroplated finishes. In 
these instances, the thickness of the 
copper cladding layer need only b 
as thin as 5 percent of the overall 
thickness of the material 


Cladding for Brazing 


A rather unique development of in- 
terest to production men is the clad 
ding of brazing alloys to other materi- 
als. The separate handling of small 
pieces of brazing alloy is climinated 
by fabricating parts from materials 
that have the brazing alloy pre-clad 
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to the brazing surface. The brazing 
alloy and parent metal are bonded and 
rolled similar to the manufacture of 
other composite materials. The advan- 
tages of having the brazing alloy sup- 
plied as an integral part of the ma- 
terial is quite obvious—primarily it 
eliminates the separate fabrication of 
small pieces of brazing alloy, and the 
handling of these pieces during the 
brazing operation, and decreases the 
number of surfaces to be cleaned and 
fluxed. It also insures uniform wetting 
of the surfaces to be joined. Button 
type electrical contacts are one example 
of fabricated parts which can be pro- 


duced from materials with a thin back- 
ing layer of brazing alloy. 

Another example is a composite con- 
sisting of a ductile shim material with 
silver brazing alloy clad on both sides. 
This material is widely used for sand- 
wich brazing carbide tips to cutting 
tools. Previously, the shim material 
and two pieces of brazing alloy were 
cut and handled separately. Now, only 
one piece instead of three has to be cut 
and handled throughout the brazing 
operation. The use of this material re- 
sults in a reduction in the number of 
metal surfaces to be cleaned and fluxed 
and actually insures a better bond. 


Rare and Precious Metal Cladding 


Zirconium, titanium, tantalum, and 
other similar rare metals are character- 
ized by excellent corrosion resistance, 
a high melting point, light weight, and 
other properties which make them pre- 
ferred for specific applications. Their 
use has been limited, however, because 
of their high cost and the difficulty of 
joining them. A composite metal, con- 
sisting of the rare metal bonded to a 
common base metal, provides a ma- 
terial that preserves the surface qual- 
ities of the rare metal, lowers the 
overall material cost, and simplifies the 
joining problem. Titanium-clad steel 
and zirconium-clad nickel are two typi 
cal combinations that have been suc- 
cessfully bonded and offer possibilities 
for engineering and product applica 
tions requiring the specific properties 
of these rare metals 

Platinum, gold, silver, and their 
alloys clad to less expensive and 
stronger base metals have been used 
by the art and jewelry industries for 


many years. These materials are find 





Fig. 2—Transmission line connector sections, with aluminum on one side and copper on the 
aluminum washers or shim to prevent galvanic corrosion. The aluminum cabling previously terminated in conventional copper 


ing increasing usc in industry for cru- 
cibles, electrical contact applications 
and similar uses. 

Today a large percentage of elec- 
trical contacts are fabricated from 
composite materials. Considerable sav- 
ings in cost through precious metal 
conservation are obtained; the stecl, 
monel and other backing materials 
also provide desirable properties. For 
instance, a button type contact with a 
steel or monel backing facilitates pro- 
jection welding of the contact to its 
supporting member. 

In many other engineering applica- 
tions requiring the use of precious 
metals, it is desirable to keep the 
precious metal content to a minimum 
and composite metals are consequently 
required. 

Cost reduction may be the principal 
goal in the selection of a specific thick- 


ness ratio of precious metal to base 


metal, although in many cases the 
backing material provides functional 


T 


properties such as spring characteris 


ET JA. ei 


switch gear. Galvanic couples at the junction caused severe corrosion problems. 
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tics, rigidity, magnetism, and thern 
and electrical conductivity. 

Techniques of manufacture make 
possible to supply base materials wi 
a precious metal (or other metal 
stripe positioned at practically any | 
cation. The stripe can be positioned . 
an in-lay, edge-lay, or thru-lay. Fi 
electrical contact applications, a m 
terial is used where the stripe o£ pr 
ferred metal is bonded to the t 
surface of the base to form a rib-lil 
strip that is raised above the base met 
surface. Although striped composi: 
metals have been used for diverse a; 
plications, their principal use has be 
tor electrical contact members whe: 
the backing base metal offers the cha 
acteristics required of the supporti: 
member and the precious metal stri; 
provides a non-corrosive high-condu 
tive metal at the point of electrica 
contact. 

Base metal wire with a silver o 
gold layer on the outside has been 
produced and marketed for sever: 
ycars for the jewelry trade. 


Thermostat Metals 


Thermostat metals, one of the older 
types of composite materials, consists 
of two or more metals or alloys with 
differing rates of thermal expansion 
Nickel and chromium alloy stecls 
manganese base alloys, and copper 
alloy metals are used in various com 
binations to provide composite metals 
characterized by a low expansion sid 
and a high expansion side. The re 
sulting thermostat composite provides 
a bending action when subjected to a 
change in temperature. The extent of 
this action is predetermined by appro 
priate selection of the mating metals, 
(See PRODUCT ENGINEERING, 1950) 


other, are separated by a copper-clad 
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Lead-Clad Metals 


Lead-clad steel and lead-clad copper 
two recently manufactured com- 
site metals. Lead-clad steel com- 
xes lead's immunity to certain 
micals with steel's strength and is 
very desirable material for the han- 
ling of sulphuric acid. Lead-clad 
pper combines lead’s acid resistance 
nd copper's high electrical and ther- 
ial conductivity. This latter material 
s useful for applications requiring 
the heating and cooling of sulphuric 
acid, or to provide improved discharge 
urrent for anodes replacing solid lead 


anodes. Both of thes 
metals can be easily worked and fabri 
cated. 

The lead layer provides a high den 
sity for shielding purposes. This is 
beneficial in nuclear industries to pre 
vent the escape of harmful radiation. 

It is also possible to obtain materials 
with a single or double clad layer of 
lead-bearing soft solders. The advan- 
tages of fabricating parts from ma- 
terials with a soft-solder cladding layer 
would be analogous to the advantages 
of brazing alloy-clad metals 


composite 


Manufacturing and Fabrication Techniques 


l'wo methods of bonding the com- 
ponents of composite metals are gen- 
erally used—liquid or semi-liquid and 
solid phase bonding. In the former 
method, a thin sheet of high tempera- 
ture brazing alloy is interposed be- 
tween the metals to be bonded. After 
brazing, the bonded ingot is put 
through a series of cold rolling and 
annealing operations to obtain the de- 
sired gage and temper. This method 
is frequently used to bond precious 
metals to base metals. 

In the solid phase method of bond- 
ing the parent metals are bonded di- 
rectly by application of pressure at an 
elevated temperature. In many in- 
stances the metals are hot rolled 
bond them or to insure their final 
onding and to simultaneously reduce 
the composite metal thickness. Final 
cold rolling reduces the gage and fur 
ther improves the bond. 

The procedures for fabricating com 
posite metals vary depending on the 
metal combinations and 


each casi 
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should receive individual considera 
tion. Usually, the manufacturer of the 
composite metal has information avail- 
able on the techniques of fabrication 
or the ability of the materials to meet 
certain fabricating specifications. In 
many instances, experimental work 
required, particularly on some of th 
newer types. 

Blanking and forming, spinning 
drawing, and other operations can 
usually be performed. When — T- 
ing each part and its related metal, 
is usually safe to use the physical den 
erties of the less ductile metal layer as 
a guide. 

Composite metals can be welded in 
most instances although care should 
be taken to prevent the preferred metal 
surface from fusing with the core o: 
backing metal resulting in an objec 
tionable alloy at the surface. When a 
welding electrode is used on the clad 
side of the welding seam, the electrode 
should he richer in the specia 
than the cladding 


| ( le ments 


layer material 


When this ts impossible, a series of 
small beads deposited in the welding 
groove will 
minimum 
For material subjected to de 
drawing or other 


keep the dilution to a 
ep 
*orming operations 
Or severe stresses if Is 
specify a cladding layer sufficiently 
thick to prevent its fracture during the 
stressing. This fracture is usually en 
countered when drawing or bending 
thin gage materials where the cladding 
layer is only a small percentage of the 
overall material thickness and particu 
larly if the thin layer is the harder of 
the two bonded metals. This fracture 
of the cladding metal is in no way a 
tault of the bonding operation or an 
indication of an inferior bond between 
the metal layers. It is caused by stretch 
ing the thin clad ling layer beyond 4 
point that could be endured by a ws 
metal of equivalent properties and 
thickness. 

Many of the metal combinations 
liscussed here have provided to meet 
special — and many other 
metal combinations will be manufac 
tured and marketed as engineering 
demands them. A few additional com 
binations that have been produced are 
molybdenum-clad Cupro nickel, cal 
cium-clad nickel, platinum-clad stain 
less, copper-clad magnesium, copper 
clad nickel, and nickel-clad copper 

With all of the metal combinations 
now possible in sheet, tubing and wire 
forms a study should be made of pre 
sent metal applications as well as 
future product designs to determine if 
a composite metal will reduce 
or fabricating cost, 
tion of engineering properties other 
unavailable 


mportant to 


material 
provide a combina 


WISE 
etal, 


t 


stics of the 


critical 
character 


conserve a 


and/or improve the 


product 
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Fig. 3—Electron tube parts which are fabricated from alumi- 
num clad steel, nickel clad steel, and steel with aluminum on one 
side and nickel on the other conserve critical metals. 


Fig. 4—Collector rings are formed or blanked from silver-clad 
copper or brass to provide a non-corrosive, conductive surface 
with good strength, high electrical conductivity and low cost. 
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Length 


Single record- playback control morker 









DESIGN FEATURES|; 


Cooling air louvres 


On- off - lock switch 


Turntable 
switch 





Correction 
morker 


Disk comportment door 
Center operating bor 







-— Spring 


Centering cone 





Shoft Plastic 


recording disk 





Turntable 


Plastic recording disk 


Compact Voicewriter Designed 


Compact packaging of parts and components enables 
Thomas A. Edison Incorporated, West Orange, N. J., 
to produce the new V. P. Edison Voicewriter that is 
small enough to fit into a standard briefcase or letter 
case, uses standard size components, and has all the op- 
erating features of the standard Voicewriter (Product 
Engineering, May 1949, p. 93). Like its larger counter- 
part, the “Veep” records by embossing 7 in. plastic disks; 
but because of the reduction in size, it was necessary to 
redesign some of the mechanisms to supply these fea- 
tures in the limited space. 

Major innovations include simplified controls; sim- 
plified friction drive for the turntable; a new indexing 
mechanism; and rearrangement, size reduction and sim- 
plification of components. 

The controls of a conventional dictating machine have 
been combined into three switches in the “Veep”: the 
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on-off-carry switch, the control knob, and the micro- 
phone turntable switch. 

When the on-off-carry switch is in the carry position, 
the recording and playback heads are locked against th: 
cover of the machine so that they will not be damaged 
by movement. 

A single control knob controls record, playback, and 
recall. When the knob is in its normal position, the 
machine is set for recording and both the recording head 
and the playback head are on the plastic disk with th: 
playback trailing the record head by a preset number oí 
grooves. In this position the amplifier circuit is set fo: 
recording. To play back, the knob is raised. This move 
ment switches the amplifier circuit to playback and raisc: 
the recording head from the plastic disk. 

If the knob is rotated when in the record position, th: 
machine will "recall" the last few grooves of dictated 
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Cooling | 
fan 


for Portability 


material and play them back. Since both heads are on 
the disk in this position of the knob, the recording head 
continues to emboss unmodulated groove. When 
the knob is returned to its original position, the machine 
starts recording where it stopped prior to recall. A 
ratchet mechanism under the knob prevents turning in 
the wrong direction. 

With the control knob it is possible to scan any por- 
tion of the record during playback, but it is impossible 
to scan when in the record position. 

Despite space limitations, the band of impressions of 
on the disk is magnified almost four times on the index 
card to give the transcriptionist accuracy in locating 
length and correction marks. 

The Veep, designed by Edison engineers, was styled 
by industrial designer Carl Otto, who used color and 
curved lines to obtain an attractive appearance. 
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: FLAT SHAPE is made possible by compact 


arrangement of components (above). Cooling 
fan is turbine-type blower that sucks in air and 
blows it over amplifier and turntable. Playback 
head trails recording head by about four 
grooves so that machine can recall last sentence 
without switching to complete playback. 


DISK CENTERING DEVICE (left). Voice- 
writer records by embossing 7-in. plastic disks 
that are automatically centered and clamped. 
With disk compartment door open, disk is 
inserted until it hits a curved stop. As the door 
is closed, it cams down an operating bar which 
forces a cone down through the hole in the 
disk and automatically centers it. Cone is freely 
mounted on its shaft so that it rotates with the 
turntable when it is locked down. Closing door 
also closes circuit that illuminates talk light to 
indicate machine is ready to record. However, 
this circuit will not close unless there is a 
recording disk in place. 


(continued on next page) 
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PRODUCT DESIGNS 
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Wear adjusting 
spring 


CARRIAGE MOVEMENT (above). Drive pinion meshes 
with gear mounted on the turntable shaft. As turntable 
rotates, pinion drives feed screw, and feed nut transforms 
the rotary motion into transverse motion. This moves th« 
carriage mount that carries the heads across the disk 


TURNTABLE DRIVE is a friction drive (lower left). 1.5 
in. OZ. torque motor rotates at 2650 rpm continuously when 
machine is turned on. Rotation is transmitted by a neo 
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Voicewriter (continued) 


H 
o 


E 
P 


I 
Cdpper - -»1 


Pull 





Motion 


prene belt to the intermediate pulley and shaft. Wher 
turntable switch on microphone is depressed, the electromag 
net is activated, pulling clapper into a position where it 
actuates a linkage that forces the neoprene-covered drive 
wheel against the turntable and a rotating pinion on the 
intermediate shaft. Bow-shaped spring has a pull curve 
(lower right) which closely follows that of the clapper so 
that it can compensate for wear of the drive wheel. The 
spring acts as a solid link for most of the clapper movement 
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Length knife 


Correction knife — 


Output 
transformer 
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` 
Recording -Recorder 
head 


\ targe disk 
“seler 2ArT? 
rectifiers 


Carriage - - Length knife 


_-Correction knife | prm 
| "loaded 
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INDEXING MECHANISM operates from below index SELENIUM RECTIFIERS are u 
card. As carriage is moved across disk, it carries left hand to limit recording volume. When 
wheel of indexing mechanism which revolves on a gear past a certain limit because dictator 


rack. The right hand Yoon, meom wheel maintains ten phone, resistance of rectifiers decreases so that output signal 


sion on the cord by winding it up so that the block carrying 1s not changed. As a result, transcriptionist hears a constant 
the knives is moved in relationship to the carriage Index level of dictation. Purpose of this arrangement is to permit 
head moves four times as far as recording head and this ra- dictation in locations where there is considerable back 
tio is determined by the diameter of the left hand wheel ground noise. The dictator can speak loud enough to drown 
and the size of the gear rack. out this noise without impairing the quality of the recording 
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PRODUCT DESIGNS 






Duplicator E TE... 


Reproduces 
| With Heat 


Ihe Thermo-Fax duplicator developed by 






Air intake 
louvres 






































tic Minnesota Mining and Manufacturing 


t 
Com} 


ton to copy opaque, translucent or transparent 


any, St. Paul, Minn., uses infra-red radia- 


originals printed on one side or both. An infra- 
red light source sends rays to the black and 
white original so the black type absorbs the 
energy and converts it into a heat pattern that 
, acts on the Thermo-Fax sheets to reproduce 
the original. The Thermo-Fax paper is trans- 
parent and unaffected by infra-red light. 
Exposures are made by traversing the lamp 
across the printing area with a specially de- 
signed mechanism that permits two-direction 
h traversing (to make two exposures) on a one- 
way drive and automatically shuts off the ma- 


chine at the end of the traverse. 


J 

: l'ime of exposure ranges from five to twelve 
i seconds and is determined by the speed of 
j traverse which is regulated by the position of 
d a ncoprene hub on a rotating cone. An auto- 
- matic time delay mechanism is built in to give 
2 the lamp time to warm up before the traversing 
J starts. In case the automatic shutoff fails to 
=? operate, a circuit breaker trips the machine 
- 


ifter the 12-second maximum exposure to pre- 
vent berning and damaging the machine or 
copy. 

Power in the drive mechanism is supplied 
by a 1/150 hp shaded pole motor, operating 
on 110 volts a-c. A gear reduction box brings 
the 1600 rpm of the motor down to 89 rpm 
of the drive shaft which terminates in a 
grooved 30 degree cone. 

Infra-red radiation is supplied by a 16-in., 
filament type, lamp with a 12-in. active fila- 
ment that covers the 8} by 14 in. printing 
area. Anodized aluminum elliptical reflector 
focuses the rays in a } in. wide line. 1he lamp 
filament is at one focus of the ellipse and the 
printing surface is at the other. A centrifugal 
blower directed at the printing glass aids heat 


dissipation. 
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. Exposure contro/ 
knob 
TOP SECTION of duplicator 
(left) is aluminum casting to 
LSU provide good heat dissipation 
m a Centrifugal blower directs cool- 
ing air to the center of the 
printing glass and balances the 
heat loss at the edges of the 
glass. Louvres in the front and 
back of the cabinet provide air 
intake while louvres in the 
cabinet ends provide exhaust. 


EXPOSURE TIME is deter- 
mined by the time in traverse, 
and is preset by the operator 
with pointer knob on the con- 
trol panel. Turning the knob 
rotates a cam which raises and 
lowers a spring-loaded sliding 
fork. The fork engages a 
groove in a sliding hub keyed 
to a spindle that rotates freely 
on a stud shaft. A neoprene 
tire on the hub provides a fric- 


tion drive and is driven by a 
40 in. ladder « 


- . 
chain We TUYA rotating cone. 


ONE-WAY DRIVE (cut left, 
schematic ight). provides 
traverse in both directions. An 
"L" shaped connecting arm 
links the lamp carriage to an 
endless ladder chain running 
the length of the machine. 
When the chain end of the 
connecting arm .goes around 
the two sprockets, the carriage 
is stationary and the machine 
is shut off. Traversing in one 
direction, the connecting arm 
pulls the lamp carriage; ih the 
other direction it pushes. ‘This 
permits making an exposure 
for each traverse without re- 
setting. 


TWO ROLLER LINKS lo- 
cated exactly opposite each 
other in the 40-in. ladder chain 
trip the limit or shut-off switch 
at the end of an exposure to 
turn off the heat lamp auto- 
matically. In addition one of 
these links serves to pivot the 
connecting arm to the chain. 


(continued on next page) 
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PRODUCT DESIGNS 


SYNCHRONOUS TIMING MOTOR provides time delay 


to permit lamp to come up to temperature before travers: 
begins. When the start button is pushed the timing motor 
‘tarts and rotates the timer motor arm away from the stop 


post. This permits an art 


in arm on the motor delay switch to 


Infra-Red Duplicator (continued) 


break contact and start the drive motor. If mechanisn 
does not automatically shut off at end of 12 second max 
mum, timer motor arm rotates ‘until it hits the trigger ar: 
which trips circuit breaker within two seconds after maxi 
mum exposure preventing damage to copy. 


-Exposure 
“control knob 


-Axle 


--~- fork hub 


} -—Spindlle 


3-in. drive chain 
serves to get the 


Sprocket keyed fo spindle- 


ROTATING GROOVED DRIVE CONE is driv 
rpm through an 18-1 reduction gear box. / ighest px 


(large end of cone) neoprene tire rotates 
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_ Sprockets , 40O -iri 
/ keyed fo spindle v naless indy 
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-kler sprocket Base 


lowest point of travel (near apex of cone) tire rotates at 
30 rpm for longest exposure. Motor pivots 44, in. to engag: 
or disengage cone from tire. 
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Combination Piston-Diaphragm Pump 


In the “Pulsafeeder” built by the 
Lapp Insulator Co., Inc., Le Roy, N. 
Y., pumping is performed by the 
combined action of a piston and a 
hydraulically balanced diaphragm. 
The piston reciprocates in an accur- 
ately sized cylinder to deliver an ex- 
act volume of oil that moves the 
diaphragm back and forth. Displace- 
ment of the diaphragm does the ac- 
tual pumping of the fluid. 

Because of its method of opera- 
tion, the Pulsafeeder provides con- 
trolled volume metering. The 
amount of fluid pumped depends on 
the stroke of the piston which deter- 
mines the amount of diaphragm 
movement. 





COMBINATION piston-diaphragm pump delivers controlled amounts of! 
chemical fluids. Available in four different models, capacities rang 
The diaphragm support plates re- 1.6 gph at 1500 psig to 339 gph at 100 psig 
strict diaphragm movement and 
contain the hydraulic oil and prod- 
uct pumped. Support plate on the Pumping rate eee cual 
hydraulic oil side is the pump head, i 
and the plate on the product side is 
the reagent head. Each plate has 
identical concavity to prevent dia- 
phragm deflection beyond the en- 
durance limit of the material. Dur- 
ing normal low magnitude deflec- 
tion, the diaphragm moves freely. 
Since the piston handles only oil 
and the diaphragm isolates the liq- 
uid being pumped, Pulsafeeder re- 
quires no stuffing box. Leakage of 





Low speeo worm 











LENGTH of piston stroke establishes pumping rate that is adjustabl from 
oil past the piston cups is replaced 0 to 100 per cent capacity by turning knurled handwheel, crosshead linkag: 
by a vacuum compensator valve; ex- is positioned with oscillating arm Eccer Out on low speed v 


cess pressure is drawn off by a spring converts rotary motion to lincar 
loaded relief valve. Both are built 
into the hydraulic system. 






SUCTION STROKE. Piston hydraulic- 
ally displaces diaphragm to draw fixed 
amount of liquid through suction check 
valve. Displacement depends on 
length of piston stroke. 








DISCHARGE STROKE. Return of 
piston pumps oil into diaphragm area 

and diaphragm moves liquid through — /*^*^7 
discharge check valve. ‘ 
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PRODUCT DESIGNS 


Combined Camera 
Mechanisms Speed 


Picture Taking 


Shutter speed 
selector ring 


KAROMAT CAMERA (above) has a streamlined metal 
stamped body that is covered with leather. Exposed 
parts are chrome plated for corrosion resistance. 


CAMERA CONTROLS (right) are positioned for fast 
operation. Film transport lever is spring loaded so that 
it automatically returns to its initial position. Focusing 
range is from 3 ft to infinity. 


COMBINED FILM TRANSPORT and shutter cocking 
mechanism (p. 167) permit sequence photography. (A) 
To move film one frame, transport lever rotates 90 deg. 
Gearing transmits the rotation to drive’ sprocket which 
en the film perforations. Take-up ‘spool is friction 
coupled and driven through an idler by a pinion on the 
transport axle. (B) At the same time, transport lever 
rotation is transmitted by arm and gear rack to a 
telescoping shaft (which extends or contracts as the 
lens mount is moved). This shaft carries pinion that 
meshes with cocking ring so movement of the 

lever causes the shutter ring to rotatc and the ing 
bar moves up to set the shutter. 





In the new Karomat camera, Ansco has combined 
operating mechanisms and simplified controls so tha 
the photographer requires less time to take a picture 
The film transport mechanism, composed of a preci 
sion gear train and operated by one lever, moves th« 
film forward, counts exposures, and cocks the shutter 
fast enough to permit sequence photography. Focus 
ing is done with a combination split-image range- 
finder and viewfinder, and the focusing knob operates 
both the picture taking lens and the rangefinder. One 
Kinematic mechanism permits the synchronization of 
electronic flash or type S and M flash bulbs at all 
shutter speeds by the movement of the flash selection 
lever. The flash mechanism is arranged so that a time 
delay is possible when vsing standard flash bulbs, 
which require a period of time to build up to full in- 
tensity. Also immediate flashing is possible when 
electronic units are used. 

Developed by Agfa Camerawerk, Munich, Ger- 
many, U.S. Zone, the design was refined by Ansco, 
Binghamton, N. Y. to meet American markets. The 
Karomat is a 35 mm camera with an f:2.0 six element 
coated lens and leaf type shutter for speeds from one 
sec to 1/500 sec, time and bulb. Ansco distributes the 
camera in the United States. 






of field 
scale 
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Focusing 
i knob 


f Lens panel 
| release 
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Transport lever 
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Take up spoo/ 
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Lever arm 
ond gear rack 


COMBINATION RANGEFINDER and 
viewfinder speed up focusing. Unit con 
sists of two optical systems (A and B) 
brought together in viewer lens. Each 
system is composed of a diverging lens 
and a prism. Image as seen through 
viewfinder is divided horizontally in the 
middle: upper portion is viewed through 
optical system A; lower portion is viewed 
through system B. Movement of focusing 
knob causes L-arm to move in the direc- 
tion of the optical axis, and since the arm 
engages in a slot in platform on which 
lens B is mounted, the platform is moved 
horizontally changing position of lens B. 
When upper and lower images line up, 
camera is in proper focus. The focusing 
knob is geared to lens mount so that it 
also moves picture-taking lens. 


(continued on next page) 
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Karomat Camera (continued) 





1 A 
— A j 
| Á P 
Y Bulb 
" selector 
} lever at X 
pz 


Bof*ery--» 
| 
| 





FOR ELECTRONIC FLASH EQUIPMENT vwith no delay 
action, shutter is sct like this by moving bulb sclector lever 
to the X position. When shutter is released, pawl releases 
shutter ring. The spring pulls ring around to open the 


--Flos^ bulb 
[ AR 


| 

| Bulb 

tL selector -~ 
| Jever at M 


Shutter release’ 


WITH FLASH LAMPS type M and S that burn with 
delayed flash action, opening of the shutter is delayed until 
flash lamp develops full intensity. This schematic drawing 
shows the shutter at moment of release. When bulb selector 
lever is moved to position M, shutter release closes circuit 
to ignite bulb in the same manner as when set for electronic 
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shutter leaves and the bell crank which is connected to 
the ring strikes contact A and presses it against contact B 
to close circuit. With this arrangement, opening of shutter 
leaves and closing of circuit takes place simultaneously 





flash. But a pawl (part of mechanism released for operation 
by bulb selector lever) stops the shutter ring after it has 
closed the circuit and before it can open shutter leaves. The 
shutter release also actuates a timer that runs for 16 milli- 
seconds and drives a pin into position to release the pawl 
so that ring can complete its movement and open shutter. 
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OPERATOR (top) varies pressure acting on each ram so that the rams slowly press work piece until it conforms to shape 
of guide plates. Center anvils and rams are mounted on swivels so they can rotate through the complete angle of th 
saddle which is more than 180 degrees. GAGING (bottom) is done on the machine by inserting gaging pins through th 
locating orifices of the workpiece into the gaging templates. If the pins enter freely and the upright surface of the saddl 
is vertical, the unit passes inspection. If the pins cannot be inserted freely, additional corrective pressures are appl 


Hydraulic Rams Straighten Saddles 


To simplify the straightening operation on welded jet engine nacelle “saddles,” tool engineers of the 
Bell Aircraft Corporation, Buffalo, N. Y., designed a battery of 13 hydraulic rams that straighten and 
then gage the part in one-third the time formerly required. Previously, the company straightened the 
saddles in a 50-ton hydraulic press; but after each application of pressure to an area, the part had to 
be removed from the press, inserted in a line-up fixture, checked with gages, and then replaced in 
the press for additional straightening. The new machine supplies pressures up to 3,000 psi to shape the 
SAE 4130 steel saddle. A skilled operator is required since each ram is adjusted separately, and the 
straightening is done a little at a time. 
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Effects of Resilient Foundations 


A resilient foundation can assist or counteract the 
effects of vibration mounts, depending on the 
characteristics of the installation. For most base- 
mounted machines, the equations and charts pre- 
sented in this article can be used to determine 


which condition will prevail for a given case. 


HARRY HIMELBLAU, JR. 


Armour Research Foundation 


SOME ROTATING and reciprocating machines are so in- 

illed that noise and vibration must be held to an absolute 
minimum. In such applications, resilient mounts are fre 
placed between the machine and the foundation 
that are used must have character- 


quently 
The mounts 
istics suited to the vibrational properties of the machine 
and the selection should be 


structure. 


based on the principles dis- 
cussed in the June 1952 issue of PRODUCT ENGINEERING. 

When choosing mounts, however, it is usually assumed 
that the foundation structure is rigid. In many cases this 
assumption must be modified, particularly when the ma- 


chine and the mounts are instali d on I-beams or channel 
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frameworks. Such resilient foundations can either improve 
isolation or cause increased transmission. To determine 
which condition will prevail, the transmissibility character- 
istics of the machine and foundation acting as a unit must 
be analyzed. 

Fortunately, it is not always necessary to consider all 
three of the transmissibilities. For many base mounted 
machine-foundation combinations, represented diagram- 
matically in Fig. 1, only the vertical transmissibility or ratio 
of the vertical transmitted force from the foundation to 
the impressed vertical force of the machine need be evalu- 
ated. In such cases, the following characteristics must be 
determined: 


bh = vertical dynamic spring rate of the resilient mounts 

ko = vertical effective spring rate of the resilient foundation 
» €: — damping coefficients of the mounts and the foundation 
my mass of the machine 


"a effective mass of the foundation 
tL impressed frequency, radians per unit time 


1, the sum of the forces on each of 


Referring to Fig. 


the two masses is: 


Fm, = F, sin wt — hy (x1 — x?) — a (x1 — x2) = mu 


Fm = kı (xı xa) + ci (xi — xa) — kaxi — CX = Mm% 
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Fig. 1—Isolation solutions for base-mounted 
machines which can be represented diagrammat- 
ically as shown can be checked for the effects 
of resilient foundations by the equations and 
graphs that follow. Similar analysis can also be 
developed for those installations in which hori- 
zontal and/or moment transmissibilities are 
present. 


Fig. 2—Graphical solutions for the undamped 
resonant frequencies expressed by Eq. 2 which 
is derived below: The family of curves that 
appear at the left hand portion of the graph 


ne te do ior HC /" 1 where- 
as the curves at the right hand section of the 


graph give "5/";, the higher frequency ratio. 


Fig. 3—Compressor shown in (a), is suspended 
on two steel channels between two rigid walls. 
Schematic, (5), indicates that the foundation 
structure differs from that shown in Fig. 1 which 
was used to derive Eq. 1. Curves A and B in 
Fig. 4 show that the effects on transmissibility, 
however, are usually small enough to neglect. 


on Vibration Isolation 


Solving these two equations simultancously 
transmissibility is: 


Ca w 
Cea wi 


aX 
E: T 


| kh 
where t» - 4] ——, natural frequency of the resiliently mounted 
™ machine 


w = 


—, natural frequency of the resilient foundation 


Cea = 2m, critical damping coefficient of the resiliently 


mounted machine i , 
Ca = 2mo, critical damping coefficient of the foundation 


Neglecting damping, two resonant frequencies can be 
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d termine d 


bility € 


by equating the det 


The se arc 


juation to zero 


i+ [C 


where wy is the higher resonant frequency and w 
lower one 

The graphical solution to Eq (2) 
The lower frequency is given by th 
the left, and the higher ratio by th 
To illustrate how these curves can be 
following example: 

A three-cylinder one hp refrigeration compressor oper 
ates at 1450 rpm. The machine weighs 125 pounds and 
has the base dimensions shown in Fig. 3. For lack of 
suitable floor space, the unit is suspended on two steel 
channels between two walls. Each channel is fastened to 
the wall with a bracket. Since the unit is located near pr: 
cision measuring equipment, resilient mounts are installed 
under the compressor to get optimur vibration reduction 

With the weight of the unit equally distributed on all 


plotted in Fig 
amily of curves 
curves at th 


used consider 
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four legs, x] 


ti 


in. channels are chosen having the fol 
lowing characteristics 


Weight per unit length 4.1 Ib ‘ft 
Moment of inertia I 0.20 in.* 
Modulus of elasticit E = 29 X 10° psi 
Ihe damping of the bcam is small enough to be neg 


lected. Its natural frequency is given by 


LE El, r? 29 x. 105 x 0.20 x 38€ 
BN 2 7$ 4.1 
( 12 ) 
377 radians/sec 
lour rubber mounts are selected having a natural fre 
quency of 630 cpm under the 125 pound load and a 
damping coefficient of 5 percent of critical damping 


20 
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Fig. 4—Comparison of three methods of computing the vertical 
transmissibility of the compressor in Fig. 3. Curve A relates to 
Fig. 1 and Eq. (1); B is based on Fig. 3b and Eq. (3); and C is 
for a rigid foundation. 


Rubber 
isolators 





Fig. 5—4A ceiling-mounted blower unit, with an isolated motor 
base on a resilient frame. 
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Changing the units of the natural frequency to radia 
per second: 


2 d : 
a = as x 630 = 66 radians/sec 





l'or cach beam, the machine mass is given by 
125 
2X386 
By using a method similar to that presented by Tim 
shenko, the effective mass of the simply-supported equall; 
loaded beam is determined as: 


pl ( 7)“ 


= 0.162 


m = 


m = —- = ~*~ = 00139 
4g sin - I 4 X 386 sin (a7) 

Therefore 

mı 0.162 w 377 

- = - = J —— US — — zs $7 

E 0.0139 11.6, and = i 
From Fig. 2, the resonant frequencies are 
at = 0.85 w, = 0.85 X 66 = 56 radians/se 

n 

- = 6.9 way = 6.9 X 66 = 455 radians/sec 


Since the compressor operates at 1450 rpm, which is 
equivalent to 152 radians per second, vertical vibrations 
excited at the rotational frequency are sufficiently isolated ! 
With three cylinders, however, the unit also has an im- i 
pressed frequency of three times the rotational frequency, 
or 456 radians per second. Since this is nearly equal to the 
higher resonant frequency, vibration isolation is materially 
sacrificed. The transmissibility can be reduced by choosing 
beams with a different stiffness so that a resonant frequency 
of the system does not coincide with an operational fre- 
quency. This will reduce total vibration transmission, 
resulting in better performance. 

If a more detailed analysis is necessary, a transmissibility 
curve can be plotted, as shown in Fig. 4. Curve A is 
plotted from the vertical transmissibility formula presented 
above. Curve B is based upon a rigorous analysis of th 
beam structure shown in Fig. 3 (b). This formula is 


Ty = f 1+(2 a w : bd xm E w E 

"X l ; ii Cea Wi 8 wi 

T a KE * at t» w ls wa 3 \ E 

4 8 " (at w w w { l 

T w )- (= ag 2) : 

l wi wi me Ca Ca wi 
EY ()2 2922) 

wy wi Cel ma Ca Wi 
t1 Cea Wi Ca Wy Í 


Curve C is constructed from the single degree of freedom 
equation, e.g., assuming that the beam foundation is rigid. 

The isolating performance predicted by the analysis 
based on a rigid foundation and that predicted by the 
resilient foundation analysis are readily compared by these 
curves. The transmissibility peak due to the second reso- 
nant frequency can be very important when there is a 
large exciting force operating near this frequency. It is 
apparent that the effect of foundation resilience must be 
considered in the design and selection of a vibration- 
isolating system to insure effective isolation. 


a^ aa o (A #7 
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(A) Small bearings of copper or babbitt impregnated carbon have good strength and outstanding functional characteristics. (B) 
Silver and copper impregnated carbon are used for switch contacts as shown. (C) This metal impregnated carbon journal bearing for 
a large baking machine resists high temperatures and is self lubricating. (D) Copper, silver and cadmium impregnated carbon elec- 
trical contacts, such as the one shown above show high resistance to fusing and sticking. (E) At left two copper carbolube bearings 
and right a cadmium carbolube roller contact. (F) Seals of this material are impervious and adaptable to high pressures 


Metal-Carbon Composites 


For Mechanical and Electrical Parts 


Impregnation of carbon with molten copper, silver or cadmium produces a composite 
material with mechanical and electrical properties not obtainable in the individual 


ingredients. Improved processing has increased durability and lowered cost. 


E. P. EATON, JR. 
The Carbone Corporation 


GRAPHITE OR CARBON impregnated 
with metal to a content as high as 70 
percent by weight serves effectively for 
electrical parts and for bearings, seals, 
and other mechanical parts where lu- 
brication is difficult, or undesirable, or 
where service conditions are severe. 
Impregnation of carbon with metal 
is not a new technique, but recent 
process improvements have made pos- 
sible a more homogeneous, durable 


material at reasonable cost. It is now 
available in many grades incorporated 
with either babbitt, copper, cadmium 
or silver. 

Since this material is of a composit 
nature it derives many of its propertics 
from the basic ingredients. The car 
bon and graphite used have many us 
ful properties for both electrical and 
mechanical applications. These are: 

1. A wide range of friction coef 
ficients. 

2. Good electrical conductivity even 
at high temperatures. 
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Resistance to high temy 
With some special handling, graphite 
in be 


yeratul 
heated to 4,500 F without los 
ng strength 

Í. Good ri 
ta k 

5. Dimensional stability at high and 
low temperatures, and 
thermal shock. 

6. Good heat insulation or condu 
tion. According to grade, they ar 
either heat insulators or heat conductors 
(carbon is a heat insulator and gra- 
phite is a heat conductor) 


sistance to chem: 


resistance to 
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Table I—General Mechanical Characteristics of Babbitt and Copper 
Impregnated Carbon 





1-3/4 to 3 ounces per cubic inch* 

35 to 70 percent* 

3,900 to 5,500 psi* 

16,000 to 20,000 psi* 

constant and low* 

approximately 1/2 iron or steel 

20 to 100 psi on the projected area for 
best operation* 

1,500 to 7,000 F.P.M., depending on 
grade* 





Minimum wall thickness, inside diameter divided by bearing load press. 
No wall thickness less than 5/64". Operating temperature for Babbitt im- 
pregnated carbon not to exceed 350 F. Copper impregnated material not to ex- 
ceed 750 F. Bushings should be installed by means of a pressed fit, in a bored 


or reamed hole. 





*Between these limits, according to grades. 


Table II—Copper Impregnated Grades for Brushes or Contacts 


| 


edi Specific 














content | resistance | Amps./| Recom- | Coeff.of | Contact | Hard- 

percent ohms/ | Sq. In. | mended friction drop ness 
cu. cm. speed 

40 | 0.00021 | 75 | 5000 Very Low| Low 45 
45 | 0.00018 | 80 5 to 6000 | Very Very Low, 47 
50 0.00015 90 | 5 to 6000 | Low Very Low 48 
51 | 0.00009 | 105 | 6to 7000 | Very Very Low| 45 
57.5 | 0.00005 115 5 to 6000 | Very Low) Very Low, 38 
61 | 0.00004 118 5 to 6000 | Very Very Low, 38 

63 | 0.00003 | 122 6 to 7000 | Very Very Low) 35 

7. Low density—a fourth that of cific electrical resistance. When im 


iron 

8. Ease of molding and machining 
ind self lap ping 

Three forms of carbon or graphite 
are used. The first is carbon itself, 

hich is an amorphous material pro- 
luced from petroleum coke, retort coke 
or lamp black. The carbon is finely 
ground, mixed with tar or pitch, ex- 
truded, and then baked at approxi- 
mately 2,000 F. It is a hard material 
with a high coefficient of friction and 
when impregnated with metals makes 
in exceptionally durable composite 

The second form is artificial graph- 
te. This is made by heating carbon to 
1,000 F in an electric furnace, which 
artificially turns amorphous carbon 
into crystalline graphite. Artificial 
graphite differs from carbon in that it 
is softer, more resilient and a better 


conductor of current. It has a lower 


coefficient of friction and a lower spe- 
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pregnated with metal, it provides ex- 
cellent self-lubricating properties. 

The third form of carbon is natural 
graphite, which is crystalline in struc- 
ture and at the same time possesses a 
natural lubricating quality. Graphite 
material for impregnating is made by 
pressing ground up natural graphit 
flakes with a binder and then baking 
A high degree of porosity can be ob- 
tained with some graphite grades, fur- 
nishing a good impregnating medium. 
The hardness of natural graphite is 
low but it has a low coefficient of fric- 
tion and can be used at high speeds. 
In the impregnated form, it has many 
electrical applications. 


Metals Used 


Babbitt metal, a composition of lead 
and tin combines with any one of the 
three forms of carbon to give a com- 
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pletely oil-less self-lubricating dur 
able bearing material. Babbitt is th 
usual liner for journal bearings. In it 
generally used form, however, oil o 
grease must be used for lubrication 
With the carbon no outside lubricant 
is required, 

When er with copper 
carbon provides good current carrying 
capabilities since carbon, graphite and 
copper are all good conductors of ele: 
tricity. This material also can be used 
for bearings and parts for temperature: 
up to 750 or 800 F. 

Cadmium impregnated carbon also 
has some outstanding characteristics 
Bearings and parts made from this ma 
terial show long life and, where cur- 
rent must be carried in a somewhat 
oxidizing atmosphere, it is the best 
choice. Cadmium oxide is one of th: 
few oxides that is a better electrical 
conductor than the original metal. 

The silver impregnated material i: 
the best conductor of electricity and 
has the lowest friction combination for 
bearings and parts. Its durability is 
excellent. With new techniques and 
by keeping the bearing wall thin 
(backed with steel or iron for 
strength) its cost is not excessive. 

The finished material, marketed un- 
der the name of Carbolube, differs 
from carbon in that it is impervious to 
liquids and gases. Also, unlike many 
carbon and graphite grades, it is strong 
and hard, has had a low rate of wear 
and its running friction is lower 
than any of its corresponding grades 
of graphite or carbon. Its machin- 
ability is excellent, it is easier to hold 
to close tolerances than the basic ma- 
terials and is self-lapping. Table 1 
lists some mechanical and electrical 
properties 


Applications 


Metal impregnated carbon's main 
use is for mechanical parts such as 
bearings, rings, valves, pistons, slides, 
and similar products. 


Bearings—1n all cases bearings re- 
quire absolutely no lubrication and are 
advantageous for the following serv- 
ice conditions: 

1. Where high or low temperatures 
are encountered. That is, where oil 
carbonizes or solidifies such as on 
stokers, hot conveyors or refrigeration 
machines. 

2. Where the fumes of oil or vola- 
tile lubricants are undesirable either 
from the cleanliness or fire hazard 
standpoint. 

3. Where heat would cause other 
self-lubricating material to dry up 
their reservoirs of lubricant. 

í. Where oil lubrication cannot be 
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plied such as in food or textile ma- 
inery, air Compressors, etc. 

5. Where bearings or parts are in- 
essible such as marine equipment, 
ephone switchboards, water and 
soline meters. 

Where bearings or parts are sub- 
rsed in liquids and therefore lubri 
ion cannot be applied such as on 
ters, pumps and mixers. 

Where constant friction must be 
\intained such as on testing appara 

s, precision instruments, 
juipment. 


C lec tric 


Seal Rings—Seal rings fabricated 
rom this material are completely im 
rvious and adaptable to drop-tight 
ils at high pressures and for refrig 
ration, air and gas seals 
Certain grades are also used for 
fluid drives, torque converters, pumps 
yf in corrosive liquids and gases 
For special applications, they can b 
ichined to 0.0005 in tolerance and 
ipped and polished to within a few 
iillionths of an inch of flatness 
This metal-carbon composite can b 
used for guide slides for presses, pis 
tons, piston rings, valve parts, thrust 
washers, molds and rollers 


Electrical Uses 


In the electrical field metal impreg 
nated carbon is used primarily for 
brushes and contacts. 

Brushes made from copper impreg 
nated stock are used for both low 
voltage d-c generators, synchronous 
motors and wound rotor induction 
motors. They are available in grades 
with current carrying capacities rang 
ing from 75 to 122 amps per sq inch 
In operation these grades produce a 
film that is unusual for a relatively 
high metal content brush material. 
They give long life and run at low 
temperature because of their low fric- 
tion coefficient. Normally with heavy 
metal brushes the build up of tempera- 
ture On a commutator or ring is gen- 
erally due to friction. These brushes 
ilso improve efficiency by reducing the 
friction losses which are usually the 
biggest item in the total losses on th: 
ring or commutator. The approximate 
haracteristics on seven grades are 
listed in Table IT. Silver impregnated 
brushes are widely used for synchro- 
motors and electronic assemblies 

Carbon impregnated with copper or 
silver shows greater resistance to fus- 
ng and sticking for contacts than other 
metal graphite combinations and here 
igain numerous grades are available 
for specific applications. 

Silver-carbon is advantageous for 
low resistance switch and signal con- 
tacts where fusing and sticking must 
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bc avoided at all costs. Both copp 
and silver composites are adaptable to 
most contacts for high current and low 
loss switches i 

The cadmium impregnated material 
also has its advantages for contacts as 
its oxide is a better conductor than th« 
metal itself. All three materials can 
be mounted in brass holders by silver 
soldering or press fitted or shrink 
fitted to make contacts for switch gear 
and control apparatus 

Copper or silver impregnated carbon 
can act as current carrying bearings or 
rings where current must be trans 
ferred from a shaft to a stationery 
piece, or from one rotating member to 
another rotating at a different speed 
They serve as bearings and carry cur 
rent with low losses simultancously 


Design Factors 


Since these materials are made from 
stock or molded parts, all that is 
needed in most cases is the specifica- 
tion of the finished part. However, 
this impregnated carbon has certain 
characteristics and these should b 
taken into account by the engineer be 
fore specifying dimensions and us 
of the material. In general, as a bear 
ing it should be used against shafting 
stecl, or hardened metals. The smaller 
the shaft the higher the allowabk 
pressures on the projected area. Also. 
the faster the rotation of the shaft, the 
lower the allowable pressure on the 
bearing. In any case, any part workine 
against this material must be smooth 
ind free from nicks 

Metal impregnated carbon in all 





o Is 1S Very hard and sl 

with high speed steel, tung Ti 

or diamond tools, and usually the fi 
ish is omplished with grind 
machines. Therefore. desig shou 
liminate dithcult to f | co 
plicated designs wl V JOSS 
Thin omplicated sections i 
tapped holes, threads, keyways 
rugations, ar iifhcult to 

Some of these ar possible but spe 
nachining increases the cost of th 


part more than it 


f : | 
other metais It S$ thercetor 


able that the part be kept as simpl 
is possible and that the machining 
f ssary be done on the adjacent 


when feasil 


Mechanically th terial tre 

n comp! ssion. but wherever thi 

ire used hould be | | 

v cast iron, bra yr steel. High t 

Oo n pact stresses sh uld 

oided because the mat | fairl 
brittle. Parts can be assembled by pr 
fit or shrink fit. Th in also 
per plated and soft sold Bea 
ances. press fits and recommend 
learan ire show Tables Tl l 
IV 

Ma | e pract for mnreegnat l 
wbon is similar to that used for 
etals. It can be drilled with carbid 
drills at high speed, machined on th 
lathe, or milling machines. or plan 
Since the dust from this material 
abrasive and the material is so hard 


the materials manufacturers pref 
most cases, to handle machining of 
the material and it is generally offer 
only as a finished piece for incorpor 


tion into a machine or product 


Table I1]—Press Fit Recommendations 


From 1” to 2” O.D.. 
From 2” to 4” O.D.. 


020 LE XUL TETETTTITTTTTTETT 


Plus 0.0015 to 0.002 inches 
Plus 0.002 to 0.003 inches 
Plus 0.003 to 0.004 inches 


Most any shaft, such as cold rolled, hardened or stainless steel, will perform 
satisfactorily, providing the surface is smooth. 








Table IV—Minimum Clearance Between Shaft and Bushing 


Diameter of shaft up to 1/2 in... 
Diameter of shaft up to 1 in. . 
Diameter of shaft up to 2 in... 
Diameter of shaft up to 3 in. 
Diameter of shaft up to 4 in. . 


0.0015 in. clearance 
0.002 in. clearance 
0.0025 in. clearance 
0.003 in. clearance 
0.0035 to .004 in. etc. 





The inside diameter of the bushing should be reamed or ground, to allow 
for the above clearance. In other words, if the bushing closes or contracts 
0.001 in. after being pressed into the housing, allowance should be made by 
machining the bore of bushings 0.001 in. larger than the above mentioned 


clearance recommendation. 
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Recommended Practices for Designing 


EXPERIENCE IN THIS FIELD has proved that faulty 
design is responsible for more difhculties than faulty 
processing. Considerations that do not enter into 
ordinary sheet metal fabrication are vital to good 
porcelain enameling. For example, to be certain that 
a part can safely withstand the high firing tempera- 
tures, such factors as kind of base mctals, gage of 
metal, size and shape of piece, method of forming, 
rigidity, holes for hanging, etc. must be considered. 
Sclection of the proper gage metal cannot be over 


Fig. 1—Avoid square corners in openings to prevent 
porcelain from hairlining in corners. For white or 
light colors, min. radius of flanges in (c) should 
be 3/16 in. and min. flange depth 1 in. With dark 
colors, 9/64 is min. flange radius. 


Fig. 2—Raw edges are undesirable on finished parts 
since porcelain will burn off the edges. Flanges 
should be turned down as shown in Fig. 1 (c) when- 
ever possible. 


Fig. 3—Use equal cross sections so that when parts 
are heated and cooled, expansion and contraction 
will be uniform, and warping and chipping of por- 
celain because of strains in the metal will be 
avoided. 


Fig. 4—Wrong method of making a flange cut-out 
is shown in (a). Chipping and hairline will occur 
on the face. Method illustrated in (6) is correct. 
Corners of rectangular parts should have generous 
radius with sharp corners, annealing may be re- 
quired to prevent recrystallization during firing. 


Fig. 5—Avoid welding on exposed surfaces if pos- 
sible. When stiffening braces are required, they 
should be skeletonized to minimize weight and in- 
sure proper firing. Weld spots must be smoothed off 
or indentures will show. 


Fig. 6—Do not use square notched corners in panels 
with flanges. Notching at 45 deg, (5), is preferred 
if parts are formed on press brake. When produc- 
tion volume warrants forming and blanking tools, 
the method in (c) can be used. 


Fig. 7—Avoid turned-under flanges. If part is 
dipped, excess enamel cannot drain; if part is 
sprayed, under side of flange will be difficult to 
reach; and if the part is exposed to moisture, rust- 
ing might occur. 


Fig. 8—1n (a), the angle of the vertical flange will 
change during firing; in (5), support provided by 
end flange is inadequate. For proper support, 
A-B = 1/3 F as in (c) or if A and B are less than 
1/3 F, (4), additional support can be provided by 
the strap that is spot welded to the frame. 





-— Fig 


Gage No. 


emphasized. Although no hard and fast rules can b 
made, the table below can be used as a guide fo 
parts of moderate size to be finished in white or ligh 
colors, where only moderate rigidity and flatness ar 
required. In general, it is better to err on the side o 
too heavy a metal than to use one too light. Th 
first case will cause little or no trouble during th: 
enameling or mounting, the only loss being th. 
extra amount of metal required. When the metal 
is too light, however, warpage, sagging, hairlining 





Poor Good 









VaR ©) Good 


Recommended Gages of Metal 


__ Approx. Width, 
Thickness, in. in. 


Total Area, 


0 0299 





* Should be embossed flanged or otherwise suitably reinforced. All 
parts larger than indicated should be made from 18 gage or heavier metal. 
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Por celain Enamel Products PAUL F. METZ 


Crosley Div. Avco Manufactaring Corp. 


and/or chipping are frequently encountered. Using firing temperatures 
heavier gages will also help eliminate unequal stress 4. Good welding qualities. 
distributions that often result from drawing opera- 5 
tions. 6 
The qualities that must be inherent in a good 
enameling stock are given as follows: 
1. Very low carbon content. 


2. Freedom from harmful solid or gaseous impuri- 
ties. 


. Good drawing or working qualities 
. Good surface texture. 

7. Uniformity of composition. 

The sketches shown below illustrate recommended 
industrial design practice and methods of fastening 
porcelain enamel plates to supporting structures; some 


of them were supplied by the Porcelain Enamel Inst: 
3. Resistance to sagging and warping at enamel tute, Inc. of Washington, D. C. 


^c 
Mor 
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; 
; 


(b) 


“ Courter sink hole 


Flush Screw Round Head Screw 


Anale Mounting £ 


Use of E Use of Washer 
J 


Stud (weld 
_-” Spot weld m 


; Spot we/d Welded 
, 2 i cho 
--Pofe : 


AY 
U Clip 5 ip i Detail of Assert 


Butt Jo me 


Swaged Joint Flanged Joir Bolen Joint 


Methods of Fastening Porcelain Enamel Plates I : 
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Table I — Description of Miscellaneous Drafting Templates 


2417—3/16 án. and 5/16 in. Fluid Fitting Template 


includes the following AN part numbers: 
806 plug; 815 union; 818 coupling nut; 

819 coupling sleeve; 821 90 deg elbow; 

832 bulkhead union; 833 90 deg bulkhead elbow ; 
837 45 deg elbow; 6289 nut; 10050 boss. 
Overall size of template is 51 by 74 in. 


18—4 in. and } in. Fluid Fitting Template includes 


same AN part numbers as Template No. 17 but 
for 1 and $4 in. tube sizes. Overall size of tem- 
plate is 5$ by 7 9/16. 


19—4 in. Fluid Fitting Template includes same AN 


part numbers as Template No. 17 but for 4 in. 
tube size. 
Overall size of template is 5 by 8 in. 


20—1 in. Fluid Fitting Template includes same AN 


part numbers as Template No. 17 but for 1 in. 
tube size. 
Overall size of template is 5} by 94 in. 


31—Full Size Nut and Bolt Template includes: 


Plain bolt head; AN320 nut; AN365 nut; AN364 
nut; 3/32 through } in. round and flush rivets 
by 1/32nds; No. 6, 8, 10 and } nutplates; spot- 
faces; threaded assemblies; clevis bolt heads; 
recessed screw heads; item circle; dash number 
circle; and pilot hole. 

Overall size of template is 5 by 6[ in. 


32—Half Size Nut and Bolt Template is the same 


as Template No. 31 except that half and full size 
speed nuts are included. 
Overall size of template is 4 by 5} in. 


33—Small Size Ellipse Template includes projections 


of circles to: 

30 deg ellipses from | in. to 1 in. by 1/16ths, 
then by jths to 14$ in. 

45 deg ellipses from | in. to 1 in. by 1/16ths, 
then by jths to 14 in. 


60 deg ellipses from | in. to 1 in. by 1/16ths, 
then by {ths to 1} in. 

75 deg ellipses from $ in. to 1 in. by 1/16ths, 
then by }ths to 1} in. 

Overall size of témplate is 84 by 11 in. 


NO. 34—Large Size Ellipse Template includes projections 


of circles to: 

30 deg ellipses 1}, 1$, and from 2 through 4 in. 
by 1 in. increments. 

45 deg ellipses 1{ and from 2 through 4 in. by 
} in. increments. TE 
60 deg ellipses 1$, 13, 11, and from 2 through 4 
in. by 1 in. increments. 

75 deg ellipses 14, 1j, and from 2 through 
31 in. by } in. increments, 31, and 4 in. 
Overall size of template is 8} by 11 in. 


NO. 35—Lettering Template includes: 


Capital letters; numbers; zone blocks; finish 
marks; GFE triangles; and dash number circles. 
Corners rounded to 1, 4, 1, and 1 in. radii. 
Overall size of template is 3} by 6 5/16 in. 


NO.36—Tooling Template includes various sizes of: 


Jam nuts; regular nuts; nut profiles; lock screws; 
cap screws; tooling buttons; center drills; hex 
bolts and nuts; screws; circles; and radii. 
Overall size of template is 51 by 61 in. 


NO. 38— Circle Template includes circles from: 


1/16 to 4 in. dia by 1/32nds. 

13/16 to 1 in. dia by 1/16ths. 

1] to 14 in. dia by jths. 

Corners rounded to produce radii from 13/16 to 
1 in. by 1/16ths. 

Overall size of template is 4 5/16 by 7 13/16 in. 


NO. 41—Sheet Thickness Template includes: 


Guides for making equidistant lines, straight and 
curved, spaced by standard aluminum sheet gages 
0.025 to 0.375 in. inclusiye. 

size of template is 2 in. diameter. 


Ww EL R76 4 4 





Templates of Detail Profiles 


MORRIE HARPER and M. G. CASADY 


Design Stand 


ADOPTION OF TOOLING PRINCIPLES 
by the engineering department, or 
drawing factory, can do much to 
offset the present scarcity of experi- 
d engineering personnel. The ap- 
plication of these principles will make 
possible a better utilization of th 
talents of the present staff; it also 
will shorten the time required to train 
new men in the techniques of prepar 
ing an acceptable drawing. 
Expanding production requires a 
larger quantity of drawings, more 


178 


dards Engineers, Douglas Aircraft Company, Inc. 


completely detailed, legible, and mor: 
devoid of errors. Many of these draw- 
ings are prepared by new engineering 
employees who have had little train- 
ing and lack expert skill. In the shop, 
such drawings must be interpreted by 
many new employees who also have 
little training and skill. These men 
cannot be expected to detect or make 
allowances for errors or omissions 
in blueprints. The situation, if not 
checked, can compound itself until 
more effort is being made interpreting 


and correcting drawings than is spent 
in their original preparation. 

How to produce at minimum cost 
an increasing flow of complete, correct 
and legible drawings with relatively 
un-trained engineering personnel, is 
the problem. The Douglas Aircraft 
Company has learned that a part of 
the answer is to furnish this personne! 
with adequate tooling. 

The use of drafting tools and acces 
sories, of course, is not new. Drafting 
machines, T-squares, compasses, tri 
angles, and French curves are stand- 
ard equipment in practically every 
design department. At Douglas, this 
tooling principle was extended to in 
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No.33 Small ellipse template 


No.34 Large ellipse template 


Fig. 1—Ellipse templates include thirty, forty-five, sixty, and seventy-five degree projections of circles. 


No. 19 


f Fluid fitting templote 


K 
"Á 


365 i Fluid fitting template 


Fig. 2—Fluid fitting templates that give space required for AN plugs, unions, couplings, and elbows. 


Promote Drafting Efficiency 


clude a series of templates that permit 
the rapid and accurate mechanical re- 
production of detail shapes. The sc- 
ries of templates, described in Table 
I and shown in Figs. 1, 2 and 5 was 
first used in 1942 by the Douglas 
Aircraft Company. 

At that time, the design, planning, 
tooling and fabricating departments 
were expanding somewhat as they are 
now, and adequately trained person- 
nel were not available. In addition, 
a survey of drafting requirements and 
practices revealed that the trend in 
aircraft design was steadily towards 
more “compactness,” and that prob- 
lems of clearance and interference 


Propuct ENGINEERING 


were becoming critical. Consequently, 
to determine whether or not the de- 
signed space would accommodate the 
intended equipment and allow access 
for installation and service, it was 
necessary on many drawings to detail 
completely nuts, bolts, rivets, and h; 
draulic fittings 

Because of the tediousness involved 
and the need for meeting schedules 
the tendency was for'draftsmen, when 
outlining such standard parts, to guess 
at the exact dimensions, to indicate 
the parts with a center line or to draw 
them in free hand. To discourage 
this practice every draftsman was fur 
nished with a complete set of general 
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usage templates. This set includes nut 
and bolt templates, circle templat 
ellipse templates, material thickness 
template and lettering template. Some 
templates were also distributed on 
a restricted basis to special groups 
Draftsmen in the hydraulic group wer: 
given fluid fitting templates, and tool 
and die draftsmen in the tooling di- 
vision were given tooling templates. 
From an efficiency. standpoint the 
use of these templates has been well 
justified Observations show that 
"board" draftsmen, not using tem- 
plates, spend approximately ten per- 
cent of their total drafting time per- 
forming operations that could be donc 
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with templates. Tests show that thc 
use of the templates reduces these 
operations to one percent of the total 
board" time. 

In addition, improved efficiency is 
noteworthy :n Planning, Tooling and 
Manufacturing since these depart- 
ments were furnished with more ac- 
curate and legible drawings. 

Introduction of the tool templates 
has resulted in more airplanes for a 
given amount of effort. The success 
of these mechanical aids has inspired 
the pne of additional templates 
t th 


| of the same type. Possible applica- 


tions are: Forging templates (draft 
angles, fillet and edge radii), hat sec 
fittings, and sheet 


tions, electrical 
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No. 32 Half size nut and boit template 
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metal bend radii and flange height. 
Whether or not such templates, or 
others that may be proposed, are fur- 
nished to the draftsmen will depend 
on the results of investigations to 
determine whether or not their usc- 
fulness warrants the tooling and 
fabrication cost. 

All the templates listed in Table I 
were originally designed and fabri- 
cated by Douglas for its own use. 
They are now being manufactured 
for resale, under a licensee manufac- 
turers agreement, and are distributed 
nationally by major drafting supply 


— 
e lettering template is fabricated 
by injection molding grcen transpar- 
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No. 35 


Lettering template 


ent polystyrene 0.050 in. thick. Th s 
method of fabrication insures accura 
reproduction of the intricate lctteri: 
detail. All other templates, except 
the sheet thickness template, are fab: 
cated by printing the desired inform. 
tion on 0.025 in. clear Vinylite and 
then blanking on punch press di: 
An amber color vinyl coating 
sprayed on to protect the printing, 
provide a pleasing color and make t! 
template more visible. The she: 
thickness template is n on 0.040 
in. Vinylite, stamped out and spray 
dyed red. 

To provide for pencil lead thick 
ness, all cutouts are offset 13 thou 
sandths of an inch on the radius. 





Tooling template 
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Fig. 3—Templates that facilitate the detailing of fasteners, sheet thickness, circles, and lettering. 
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A MESSAGE TO AMERICAN 


INDUSTRY * ONE OF A 


SERIES 


How PROSPEROUS 
Is The USA? 


Just how prosperous are the people of the 
United States? 

The sole purpose of this message is to help 
clear up the confusion and controversy that 
surrounds this important question. 

To find out how much prosperity, or mate- 
rial well-being, the people of the United States 
now enjoy, it is necessary to get answers to 
these questions: 


1. As compared with other times, what is the 
total amount of goods and services that we 
have available for our enjoyment? 


2. How great, on the average, is the share of 
each American in this prosperity? 

3. How does our prosperity compare with 
that of other nations? 


National Product at Peak 


The government statisticians who do the 
bookkeeping for the nation produce a figure 
called the Gross National Product. It is sup- 
posed to be the total obtained when you mul- 
tiply the amounts of everything we produce by 
the prices of everything produced. This year 
the GNP, as it is commonly tagged, will add up 
to something like $345 billion. 

Since this will be the highest total that GNP 
has ever attained, some people will acclaim it 
as evidence that we now are enjoying the 
greatest prosperity on record. 


The GNP, however, is not an accurate yard- 
stick of prosperity. It may go up because of 
price inflation alone without any increase at 
all in the output of goods and services. Also 
the GNP includes very large amounts of 
goods and services, such as those for the mili- 
tary, which are in fact a result of misfortune 
rather than of a condition that might properly 
be called prosperity. Moreover, there is no de- 
duction from the GNP to make allowance for 
the equipment that is worn out in producing it. 


Little Recent Progress 


When we make adjustments such as these - 
to find out how much of our production really 
is available for the use and enjoyment of the 
civilian population — the adjusted national 
product since the beginning of World War II 
comes out about as follows. The effects of price 
inflation have been removed from these figures 


| ADJUSTED NATIONAL PRODUCT 


| Index (1946 = 100) 


| Billions 1951 Dollars 


$176.2 76 
232.5 100 
240.7 104 
244.3 105 
239.7 103 
260.9 112 
267.9 115 
264.3 114 
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From this table the fact stands out that prog- 
ress in raising our level of prosperity has been 
halting. What progress we have made came in 
a few dramatic increases before or after a mili- 
tary build-up. Aside from those, the progress 
has been fairly slow. This year, 1952, it has 
been particularly discouraging. 

Again, when account is taken of the number 
of people who must share in the goods and 
services that are available, our progress is 
even less marked. This is shown by the follow- 
ing table which gives the share of the average 
American in the national product. This, as the 
table indicates, is arrived at simply by dividing 
the total of available goods and services by 
the population on hand to share in them. 





ADJUSTED | ADJUSTED 
NATIONAL | NATIONAL 
PRODUCT PRODUCT 





YEAR POPULATION 


Billions 








Millions 1951 Dollars Per Person 
1940 132.0 $176.2 $1,335 
1946 141.3 232.5 1,645 
1947 144.0 240.7 1,672 
1948 146.6 244.3 1,666 
1949 149.2 239.7 1,607 
1950 150.6 260.9 1,732 
1951 154.4 267.9 1,735 


1952 156.9 264.3 1,685 


Here it is clear that we have made little or 
no headway since the end of World War II. 


U.S. Compared to Other Nations 


Although we are making slow progress in 
increasing our prosperity, as measured during 
recent years by the amount of goods per 
person, we still are by long odds the most 
prosperous people on earth. This can be seen 
from the following table. It offers a rough 
measure of how the adjusted output of goods 
and services per person in the United States 
compared in 1951 with that in a number of 
other countries: 






PER PERSON 


| eT $1,735 
DN loraidweeuéasdéqa edd 1,231 
United Kingdom ............ 614 
NEN scorbve t 2e QUEE E6268 510 


To figure more closely *How Prosperous is 
the U.S.A.?" we must answer a number of 


other questions. One of the most important 
will be the subject of a later editorial in this 
series. It is “Who Gets What?" How have va- 
rious income classes and occupational groups 
shared the total available goods? 

Another question that has a basic bearing 
on the quality and durability of our prosperity 
is “How fast are we using up irreplaceable 
natural resources, such as oil, iron ore, and 
copper, to sustain it?” Any attempt to deal 
with this very complicated question must also 
be deferred. 


A Problem for the Future 


In the meantime, however, key facts about 
our prosperity are that: 


1. Most of the increase in the nation’s total 
production in recent years has been to meet 
military requirements rather than to improve 
the American standard of living. 


2. The increase in the supply of goods and 
services actually available for the average 
American has been slow and halting. 


3. We Americans are still extremely well 
provided with the good material things of life, 
as compared with peoples in other lands. 


These three facts bring to mind a whole 
series of policy questions. What can be done 
to speed up progress in improving our pros- 
perity? What—to repeat the question discussed 
in the previous editorial in this series — can be 
done to make our prosperity less precarious? 

Here, however, the purpose is not to pre- 
scribe. It is simply to indicate as accurately as 
it can be done in a brief article the actual state 
of the nation’s prosperity. 

In doing this much, it can properly be re- 
marked that the record presents to the Ameri- 
can economy both a problem and an oppor- 
tunity of surpassing importance. It is that of 
building a prosperity that will be both more 
progressive and more secure than any we have 
known in recent years. In the light of what 
clearly remains to be done, we shall make a 
grave mistake if we use up any of our energy 
in congratulating ourselves on the relatively 
meager progress here recorded, 
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Fig. 1—Some of the shapes and forms 
that can be fabricated in a variety of 
metals and finishes. The multiple 
plunger machine shown at right is ar- 
ranged tor roll-threading on the screw 
shell for an electrical lamp socket. 


Eyelet Machine Products 


versus screw machine products 


WALTER E. ALLAN 


The American Brass Company 


l'HE EYELET MACHINE, originally de- 
gned for making small metal eyelets 
w shoes, has been modified and 
idapted for quantity production of 
mall drawn parts in a variety of con 
tours, Fig. 1. Modern machines are 
ıpable of handling metal up to 0.05 
n. thick, and of drawing shells up to 
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Fig. 2—A typical part made from deep drawing quality Armco iron strip without intermediate anneals. This shows that it is po: 
sible to have eight or often as many as ten operations on one part. It is also possible to get more than one operation at each sta ing 





Fig. 


tion. The steps listed below give the percentage of reduction of the part at each station of the eyelet machine. the | 


mcdiate anncaling operations, and no 
pecial handling of parts for cach 
At the completion of the 
cycle, the flange is clipped to remove 
any irregularities produced in the 
forming operations, and the end is 
cither trimmed or pierced. 

Phe sequence of operations required 
for the 
in Fig is more or less typical 

|. Blank 2 in. dia 

». Cup (50% reduction) .1 in. dia 

3. Ist draw (20° reduc 


ope ration 


production of the part shown 


tion ) 0.80 in. dia 
í. 2nd draw (20° reduc 

tion ) 0.64 in. dia 
5. 3rd draw (20° reduc- 

tion ) 0.512 in. dia 
6. 4th draw (15% reduc- 

tion ) 0.435 in. dia 


Pierce out bottom 
8. Clip flange to size 
Ihe sequence indicates that eight, 


or sometimes ten stations are necessary 


for some parts. In addition, it is often 
possible to get more than one opera 
tior ıt or tation, as ftor exampl 


ottom of a part and ri 


te —0 375 d — 


mi 


X 
© 
Sheet meta/ port 
A 
Fig. 5 Switch housing produced as ar 





Screw machine port 


elet 


ducing its diameter at the same tim: 
However, these special applications 
require wide experience on the part of 
the fabricator to get a good running 
job. 

Although the part in Fig. 2 is 
made of deep drawing quality Armco 
iron, a variety of materials—brass, 
steel (usually SAE 1010) stainless 
steel, zinc, copper, bronze, nickel, and 
aluminum —can be formed. Generally, 
the greater the ductility of the mate- 
rial, the casier it is to draw, the more 
work can be put into it, and the less 
costly are the tools. For example, 
annealed brass with an average of 
65 percent reduction in area is easier 
to work than a harder brass with a 
percentage of reduction. of only 5o 
percent. These reduction percenta 
are reductions in cross-section area 
when tested samples are stressed in 
tension to the point of failure, and 
are not to be confused with the reduc- 
tion in diameter in the drawing oper- 
ation. Often a material may have a 
high percentage of reduction, yet it 
will be exceedingly abrasive on the 
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punch 


machine and 


Propuct ENGINEERING 


screw machine part. In (B) is the tooling used on the eyelet machir 


) 


tooling, resulting in difficulty of fabr é 


cation. shou 
In order to have the strength neces whe 
sary to resist breakage when the metal has 
is displaced during the forming and cial 
drawing operations, a copper ba orde 
alloy must be free from impertectior 2. 
such as blisters, and the grain must as \ 
be fine. shot 
When designing parts for the cycle 5 
machine, it must be remembered that abso 
the increase in the length of a shell part 
is a result of reducing the outsid prac 
diameter without appreciably thinning shat 
the wall. Consequently, the operations trum 
must be so balanced that the meta Ott 
will not harden appreciably in th the 
early stages; otherwise, cracking and tage 
splitting will occur in the remaining the 
operations. slig 
As a rough guide, the following spe 
a series of flexible rules that may O 
followed: pun 
1. For most machines, the metal in i 
thickness of the part should not ex as 
ceed 0.035 inch. Length will deper d P 
upon the equipment available, but it lath 
usually somewhat less than 3 inches an 


-- Stripping thimble 

---— Piercing die in plunger 
-Side b 

Piercing scrap from 


side a’ used os piercing 
punch to pierce side b 


~Knock out pin 


S mensum domat t 
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7 SHght radius resulting 


from clipping ^, 


\ Slight radius resulting 
T from piercing 


Fig. 3—A slight radius results from pierc- 
ing the bottom and clipping the part at 
the end of the cycle, as shown above. 


2. Tolerance on the drawn diameter 
should be + 0.002 in. or greater 
where possible, although + 0.001 in. 
has been held on occasion. Commer- 
cial tolerances on length are on the 
order of + 0.005 inch. 

3. Variations of sidewall thickness 
as well as thinning of the sidewall 
should be avoided. 

5. The "dipped trim" edge is not 
absolutely square with the axis of the 
part, but is square enough for most 
practical purposes. Should a dead 
sharp edge be required, an additional 
trimming operation will be necessary. 
Often the slight radius resulting from 
the clip trim is a definite advan- 
tage if a part is to be inserted into 
the drawn shell, because it gives a 
slight centering action that often 
speeds assembly. 

6. A pierced bottom produced by 
punching out the excess metal results 
in a slightly rounded outside corner, 
as in Fig. 3. Square edges can be 
produced by means of a secondary 
lathe trimming operation, but this is 
an additional expense that is seldom 
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ig. 6—Typical eyelet machine parts 
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-Pierced bottom 
Orifted bottom- 


Fig. 4—Fither secondary lathe operations 
or “drifting” can be used to obtain square 


edges in a part with a pierced bottom. 


required. As with the clipped edge 
the slight radius can be a definite ad 
vantage if the part is to be assembled 
to another part. 

A slight improvement on the 
pierced edge from a standpoint ot 
squareness is Often obtained by pic ri 
ing the part slightly smaller and 
shorter than desired. The part is then 
submitted to a further operation called 
drifting, where the part is sized by a 
bullet-nosed punch. Detail of this 
operation is shown in Fig. 4. This 
type of hole required one additional 
plunger as compared with the pierced 
bottom, and is often not possible as 
all of the plungers may be required 
to complete the part 

The parts shown in Figs. 5 and 6 
are typical of the type of product that 
is best suited for eyelet machine fabri 
cation. 
5A), 
The holes 
were drilled in a secondary operation 
By moving th 
from the closed end to get die 
strength, the two holes were pierced 


The screw machine part Fig 


was being used as a switch 


holes slightly away 










cigarette lighter piece; 





e with one 


from the first hole was used as a 














tooling required 








shown in Fig. 5(B). The gross weight 





of material required 
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part required a gross weight ot 
| i 

terial ot 1.44 Ib per thousand p 

as compared with the | 




































































Originally made as a screw 
part, is now being made in a variety 























of sizes at a higher production rat 
[he deep hole drilling is 
and the open end can be mor 
flared at assembly when mad 
strip stock 
terial required is 2.88 Ib per thousand 
pieces, as compared with 8.7 
thousand when made on an automat 
Production | 
1,500 pieces per hour 

In (C) the bulb housing on 
light was designed so that 
tions, including threading and 
ing, could be done completely on th 
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made automatically 
chine that made 
weight of the material required was 
5.61 lb per thousand pie 
pared with 42 
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(B) radio tube contact piece; 
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Table I—Typical Applications for Multi-Contact Connectors 


Radio transmitters 
Amplifiers 

Portable power packs 
Television cameras 


Micro-wave relays 


Aircraft instrument panels 
VHF communication equipment 
* Starting equipment for aircraft 
* Sub-assembly connections 


* Servomechanisms 
* Sound systems 
e Electric motors 


Shell 





Insert 
retaining 
ring 


Wall-mounted shell-type 
unit available with 
from 1 to 100 contacts 


Construction Details of Typical AN Multi-Contact Connector 


* Public address systems 
* Transcribing equipment 
* Telephone connectors 

* Oilfield engine starters 
* Geophysical instruments 
* Voltage regulators 

* Position indicators 

* Transducers 

* Cameras 

* Projection equipment 

* Potentiometers 


Contoct 

retaining 

clip 
Rear 
insulator 
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Large 
socket 
contact 


Small socket 
contoct 





Geiger-Muller counters 
Electronic tuning equipment 
Accelerometers 
Electrometers 
Glideslope receivers 
Code selectors 
Pyrometers 

* Oscillographs 

* Strain gages 

* Mass spectrometers 

* Computing machines 


Fig. 1 


Front 
insulator 








Multi-Contact Electrical | (C 


LESLIE BAIRD 


Cannon Electric Company 


THE MULTI-CONTACT clectrical con- 
nector is a precision device that per- 
mits quick connect and disconnect of 
from 2 to 40 or 50 and frequently up 
to 100 or even 200 circuits. As such, it 
is widely used in all types of electrical 
and electronic gear, Table I. 

The variety of sizes and classes 
available is extremely wide and de- 
pends on the requirements of the ap- 
plication. In general, four major fac- 
tors govern the specification, Table II. 
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This list gives merely skeleton re- 
quirements to which connectors can 
be adapted, however. Each character- 
istic fans out into detail that must be 
taken into consideration in matching 
the connector to the application for 
proper operation over the full life of 
the unit. Standard fittings may be 
used for the majority of such require- 
ments, but minor as well as major 
modifications must often be made be- 
fore a suitable connector is produced. 
These may involve anything from 
modifications in finish to special shell 
constructions 
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Standard Types 


Basically, a connector is a recepta- 
cle and plug assembly consisting of a 
shell, insulator, contacts, and various 
associated parts and accessories, Fig 
1. General engineering data on thes 
components can be summarized as fo! 
lows: 

Shells. Early small-quantity, pr 
duction shells were al cast or ma 
chined from bar stock. Special run: 
today are frequently made in that 
manner, but die casting with multiple 
cavity molds results in higher produ: 


" a 


Table II—Factors Governing Specifications 


ELECTRICAL 
Amperage 
Voltage 
Shielding requirements 
Current frequency 
Number of connections 


Shape 


Material for inserts, con- 
tacts and insulators 

Permissible voltage drop 
across contacts 


(E) Angle 90 deg Firewall Plug 


MECHANICAL 
Weight 


Space availability 

Method of cable or conduit 
entry 

Coupling means 

Finish 

Method of assembly 

Type of usage 


Temperature 
Vibration 
Moisture 
Appearance 
Explosion proofing 
Pressure sealing 


Fireproofing or flame barrier 


(B) Box Mounting 


(F) Stroight Wotertight Shell 


FUNCTIONAL 


SPECIAL 

Military specifications 
High voltage 
High altitude 
Waterproof or watertight 
Miniaturized or sub-minia 

turized 
Oil and acid resistance 
Fungus resistant 
Combination pneumatic- 


electrical connection 


(G) Angle 90 deg V 


Various Types of Standord Mountings @nd Shells 


onnectors 


tion and lower cost. However, other 
processes also are used. 

Shells are made of zinc, aluminum, 
brass, rubber, and steel, with a wide 
variety of finishes. The materials are 
chosen for strength requirements and 

since the majority of connector de- 
velopments have been made in equip- 
ment to be used on airborne craft— 
for light weight. Plug shell types fall 
into two classifications: straight or 90 
deg angle, Fig 2. The 45 deg types 
formerly used in aircraft are now gen- 
erally obsolete, but conduit fittings in 
15 deg angles are available. 
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Types 
Applications 


In receptacle shells, wall and junc- 
tion box mountings are commonly 
used. The box mounting receptacle 
unit may be made into a wall or bulk- 
head feed-through unit by the addi- 
tion of a junction shell. Either split 
shells or "solid" shells may be speci- 
fied, the former being split horizon- 
tally or vertically to the connector axis 
to facilitate wire inspection and as- 
sembly. 

To effect a moisture or weather 
proof shell, certain differences in con 
struction and parts are made. In the 
AN- “M” types discussed later, resil- 
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Characteristics 


How to Specify 


ient inserts, grommets over the solder 
pot terminals, and telescoping rubber 
bushings that seal the cable clamp 
entries are provided. In watertight 
brass shells, a heavy Acme thread and 
special sealing ring are combined to 
produce a fitting capable of withstand- 
ing 250 psi pressure 

Coupling Mean 
are available for coupling the 
halves of a connector 


Various means 
two 
The strongest 
coupling is the threaded coupling nut 
which, when tightened, engages th: 
pin and socket contracts by a screw 


jack action. When tightened, cou; 
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Iable HI—Current Raungs of AN Type 


Contacts 


lable IV —Operaung Voltages of Typical 


AN Type Connectors 
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Connecto rated for INST (Instrument 


service are normally intended for low voltages 


I ordinarily provided with 
through which to string 
this holding 
two parts together to prevent the 
, nut from vibrating loose. However, 
e other connectors such as audio types 


P j do not 


ling nut 
iups OF hok 5 

wire for 
i the 


Sal Ly Wiring 


require. these. vibration. prool 
features but, instead, are designed 


with a latch lock 


for quick thumb 
pressure conn tion or disconnection 
: Other types hav neither locking nor 
` latching feature but are held together 
) friction. Still another has a bail 
- ind gear method of coupling for us 
E in crowded installations. The master 
2 engine disconnect used for the engine 
"| ircuits of Constellations has a similar 
» um type engagement with a nut that 
4 turned by a wrench or pliers 
~ he spring loaded butt DP. m 
a 


i late de velo ment in the ficld « 
onnectors but it is limited to a few 


specifi shell styles, none of ther 
among the AN specifications Pri 
marily, the spring-load construction 

d in fittings with a large compl 

ent of contacts such as those mad 
for guided n | where the plu 
dis ngap utor atically Irom its r 
eptable. Another modification of thi 
contact mployed with a SI ia! 
connector ha' f g 500 contacts in or 
unit. Ordinarily five hundred stand 
rd pin and so ket contacts woul 
quire if xtraordinary torce to lis 
engage in onc unit and would also 


cd variou niid pins to keep th 
two parts of th omplete 

from engaging or disengaging un 
evenly, thus risking damage to th 
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pins as well as 


to the insulator ma 
Another newer use of the 
spring load type of contact is in a 
small plug SCTICS designed especially 
for the US Army Signal Corp Audio 
Equipment. W ith this type, engage- 
ment is effected by a 25 deg rotation 
of the plug with a bayonet “J” slot. 

Insulators. Formerly fabricated of 
a phenolic compound, insulators were 
made in several parts. T — almost 
all insulators are molded in a single 
piece to simplify the peii 
process and reduce the overall dimen- 
sions and weight. High dielectric 
strength is one of the prime require- 
ments, and for that reason, the insula- 


I 
terial 


tor is usually made of a synthetic 
polychloroprene rubber. However, 
ceramic and transite insulators are 


used for high temperature applica- 
tions, and other materials can be spec- 
ified to meet special conditions. 

Contacts. Brass and bronze con- 
tacts are widely used, but the high 
copper alloys such as beryllium, pro- 
vide better conductivity and arc pre- 
ferred, especially in the larger sizes 
because of their spring qualities. 

The pin contact is usually a solid 
prong, rounded at the end, with a 
holding shoulder and a tinned solder 
pot, Fig. 3. This tinned solder pot is 
used for all but a few connectors, the 
exceptions being crimp-type contacts 
used in the maximum heat resistant 
connectors designed for aircraft en 
gine firewalls and for thermocouples. 
Good design necessitates that the sol- 
der pot not accommodate a wire of 
greater current-carrying capacity than 
the contact itself. 

Full-floating 


’ 
socket contacts, 


Fig 3—Cutaways of pin and socket arrangement for: 
connector; and (B) rack type connector having standard and coaxial contacts. Soldered 
connections are used for most assemblies, but crimp type contacts are necessary in 


both ends subject to a nominal 
ing’ within the insulator, assure gi 
cngagement without undue strain 
the insulator. Napkin ring type 
tacts and split types also are uscd 
it is usually important that th. 
cumference of the pin seat securely 
the socket to keep the millivolt á 
at a minimum. For best performa 
both the pin and socket cont 
should be milled. 

Current carrying capacities of 
tacts in the AN series are give: 
Table III. Voltage ratings arc 
erned to some extent by operat 
conditions; for example, red 
flashover ratings at high altitudes 
airborne equipment are based on 
servative safety factors, whil 
same equipment used at sca la 
lower altitudes can be rated at s 
stantially higher values. Table T\ 
gives the operating voltage at 
level of typical AN type connecto 
and Table V gives flashover voltag 

Guided missile breakway typ: 
nectors constitute one of the most 
traordinary developments in the 
nector field. They are M 
first of all by their spring- loaded, | 


! 


Table V—Flashover Voltage Ratings of 


Typical AN Connectors 
Test Voltage 


Service 60 Cycle (AC 
p E "JY. 
INST 1,400 (Peak 
A 2,800 . 
D 4,000 * 
E 5.000 " 
B 6.500 « 
E 10,000 - 








high temperature applications such as aircraft firewalls. 
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(A) special purpose AN-M type 
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ontacts, climinating the pro lems 
parating force with regard to con 
Because these connectors arc 
for automatic breakway applica- 
s, they have solenoid, manual, lan- 
or drop-away release or ejection 
Standard spring-loaded 


anisms 





Connectors for Specific 
he grcatcst volume of connectors 
the rearmament program began 
ior to the outbreak of World War 
I] has been in the Air Force-Navy 
AN or MIL) types. Although the 
AN lines are usually attractive price 
wise to the commercial user, they are 
always adaptable to the hard usag 
i rugged conditions of commercial 
jurements. An example is thc 
thread —NEF — which 


pare in strength to the heavy Acme 


threads of other non-military types 
Audio types of connectors, having 


cannot com 


maximum of 30-amp contacts with 
minimum flashover value of 1,100 
to 3,400 volts were designed origin 
ally for low-level sound circuits but 
been adapted to many other com 
rcial applications. Newer designs 
thin these types are provided with 
atherproof and  moisture-resistant 
atures which also extend their usc 
to new applications. However, con 
ctors in this series are relegated to 
inits having a limited number of 
ontacts 
Highcr amperage power connectors 
in from 250 to 1,500-amps, al 
though the latter is limited to th« 


largest ever built—a connector for the 


* wis i i$ caf tg 


Fig 4—Connectors fo: special service: (A) 15 contact sub-miniature connector with 
formed steel shell, nylon insulators, and gold plated contacts; (B) hermetically sealed 
mnector with vitreous fused insulating element and steel shell and pins; (C) tele- 
ision camera connector having three coaxial contacts plus standard contacts. 


l'RODUCI NGINEERING 





NOVEMBER, 


OaXIial ind thermocoupi contacts 
uscd in their various insulators. Th 
majority of thc types carry trom 40 to 
60 contacts, and have various typ 
and angles of cable entries. whil 
some have re ptacles made for th 


curvatures ot the missil 


Service Requirements 
Bocing Stratocruiser passenger plane. 

AO connectors, designed especially 
tor the US Army Ordnance, are mad 
tor the extreme outdoor conditions 
encountered by tanks, trucks and mili 
tary vehicles. Their closest parallel is 
the AN line whose contact arrang 
ments (layouts) they follow 

For heavy duty requirements wher 
a truc waterproot seal is required and 
where connectors may be used under 
water or in extreme moisture condi 
tions, a rugged, simple series is avail 
able based on AN shell sizes +15, 
#22, and +36. Thus contact ar- 
rangements are available from the 
large selection of AN inserts in thesc 
sizes and use is limited only to the 
required cable entry maximum diam- 
eters. Wires must be molded in th 
clamp gland for perfect s ding. A 
heavy Acme thread 
ing rings together with brass shells 

i 


anad spc di Pacn 


combine to produc a suita 


nector for difficult, rugged applica 
tions. 
Miniaturization has con in for 


much attention within the last year 
Small sizes in the AN and K lines 
are, in a sense, miniatures though 


limited in variety. The small AN 
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; (0 } W 1 an Overa icngtin 
Straight plug shells tro L | l6 to 
] LP lt [ l S14 

$ ! $ 
ME the Hne s v l a i i 
X reas to 8 [ X bath’ 
size, with o Il l 


In the small sizes, th ( s 1 to 
> contacts in tl l| sizes, with 

#16 and +1 ontacts ted at 1 

amps and 30 amps, resp ely. B 


although small, these are not tru 


ratur 

In the sub-miniature line, new shell 
ind insulator materials a sed ik 
ing possil le a ext ly small con 
struction Fig 4 (A). The smallest o 
this series has fifteen 5 amp contact 
with flashover ratings ot OO v to 





1.500 v rms, depending on the vinyl 


| 
tubing used over tl older pots « 
of the wires. This little fitting is only 
1 17/32 long 64 in. wide and 
27/64 in. d p plus a 9 64 in. sold 
pot xtension | hes tv rx [Io 
rack and pan | mounting but, wit! 
the addition of a junction shell wit 
an integral clamp, can be used a 
plugs Insulators are Nylon FN 


10001, and the shells are steel. Th 


finish is cadmium plate with a chro 


nate conversion finish 


Other slightly larger fittings with 


I i 


^ 5 and 50 similar cont: 
now in production not only to 1 
the demand for a truly small conn 
tor but also one with strength, stabil 
ity and high current capacity 
Undoubted!y more minatures and 
sub-miniature types will be built in 
the future to keep pace with the r 


design of equipment to smaller and 
smaller dimensions Nevertheless 
greater skill and lower wattage trot 
are required to solder the miniatur 
connector, a factor apt to iI over 
looked. Many applications, of course 
do not require these small dimensions 
Another series long in use is th 
laboratory and switchboard grouj 
used mainly as switching plugs for 
test equipment and exper ntal labo 
ratorics and switchboards in industr 
plants and education titutior 
These include single, two, four 


six contact fittings, 75 amperes. A 


onstruction 1s the tander type cor 
ctor having a single pin plug Th 
1 
two socket contacts ot th f t 





receptacl ar in tanden and if ( 
gaged one after the other by t! 

his type was built for clectr lo 
omputers and also adapted for a 


twork analvzers 
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CONNECTOR REQUIREMENT INFORMATION 


Connector, Type—Wall mounting, box mounting, straight cord, or 90° cord 


Dimensional Restrictions (outside diameter. overall length, etc.) —- 00. 


OE: I qup ON G 


Cable, Fastening Means of (ferrule & nut. or clamp). 0 0 S 


Shell, Material and Finish of 


Contacts, Pin or Socket 


Number & Size of Wires to be accommodated 


Amperage 


Voltage 


A M  À—— 


Extent to which connector must be weatherproofed 


EE 


Quantity Involved 


aaa E 


Additional Requirements 


—$—— 


S 


Submit sketch of item with all information available, if possible 


10. Where fitting will be used 


11. DATE design required 





Selection of Multi-Contact Connectors 


The number of conductors, and 
their amperage and voltage rating, 
constitute a basis for connector selec- 
tion, but moisture conditions or the 
need for a degree of pressurization, 
may limit the variety available. Then 
the mounting space or area may be so 
small as to rule out a fitting otherwise 
adaptable. Thus, a careful analysis of 
equipment characteristics and operat- 
ing conditions will allow the manu- 
facturer to provide guidance toward 
the selection of the proper connector. 
Too often, incomplete information is 
given to connector engineers, fre- 
quently resulting in delay and some- 
times necessitating equipment rede- 
sign. 

Beginning with temperature as the 
overall operating condition, AN 
standards require a connector to func 
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tion satisfactorily at a +185 F to 
—67 F. While connectors may oper- 
ate without trouble at higher or lower 
temperatures, insulators of melamine 
do not function as well as the resil- 
ient materials beyond these limits. 

To meet extreme conditions of heat, 
for instance, a vitreous fused contact 
insulation in a steel sheel will func- 
tion at +400 F and in emergencies 
up to 1,000 F. 

Connectors made for firewalls of 
aircraft engines, are equipped with 
steel shells, transite insulators and 
crimp type contact terminals to pro- 
vide flame barriers in case of engine 
fires. They will keep vital circuits in 
operation for five minutes at 2,000 F 
The commercial use of these connec- 
tors in other applications has not been 
determined 
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Inserts molded of resilient mat 
have proved successful in comba 
moisture accumulations from ra 
altitude changes, and, with the r 
ient material grommets over the 
minals and telescoping bushings 
similar material, combine to prod 
a good moisture seal. These are fou od 
largely in the new AO ordnance « 
nectors and the special purpose AN A 
Series. However, weatherproofing 
also effected by the use of rub 
bushings, special sealing rings wit! 
the coupling nuts and also by seal 
means at points where moisture might 
penetrate the interior of the shell 

Appearance. Where connectors ar 
used and must be dressed up for th 
public to some extent, such as í 
microphones, bright finishes are desir 
able. Here, bright nickel or sat 
chrome finishes are available. 

Pressure sealing. Pressure-sealing, 
like moisture, involves various de 
grees. Pressurized AN and K rece; 
tacles having pin contacts have bec 
in use for some time and have been 
used in high flying commercial as well 
as military aircraft. Similar pressure 
seals are available in the po te in 
sert group where the socket inserts 
may be used. One type, for instan 
meets the minimum leakage of 5 x 107 
cc per sec. at room temperature. Other 
sealed requirements require no leak 
age of air or pressurized gas (con 
taining not less than 10 percent 
helium by volume) in excess of 
micron cu. ft. per hr at a differential 
pressure of approximately one atmos 
phere. The hermetically sealed types 
with vitreous type in: sulation creates a 
seal capable of mecting such requir 
ments. 

Various special requirements ar 
already covered by special purpos: 
connectors. Military specifications in 
clude a wide variety of special AN 
connectors not necessarily carrying 
AN-nomenclatures. High voltage 
types include connectors with exten 
sive insulation or wide creepage paths 
or connectors have Teflon insulators 
Fungus resistance proved to be a sav 
ing factor in equipment used in th 
South Pacific during World War I] 
and in this case special finish and 
coating of the insulators is required 


Several connectors have been made 
carrying air lines as well as electrical 
circuits in the same fitting. Connectors 
for air only have also been produced 
for a number of years, although th: 
demand for these fittings is quite 
limited. 

In specifying any connector, com- 
plete information should be made 
available; the chart at the top of the 
page will serve as an excellent guide 
toward this end. 
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Type Drive 


All Electronic 
Tube 


Eddy Current 
Clutch 


Ward Leonard 


Regulation, 
percent 


Speed Range 


Electronic Control 


Ward Leonard 


Magnetic Amplifier 


Ward Leonard 


Rotating Regulator 


:1 Cont. torque 


5 of set speed :1 Cont. hp 


2-3 Standard 
15-1 Special 


Horsepower 


1-4,000 


15-200 
Larger by cascading 


5-150 
Larger by cascading 
1-4,000 and 

larger 


How Adjustable Speed 


Electronic Drives Compare 


@ General types of semi-automatic and automatic speed regulators. 
* Design and performance of commercial units. 


* Applications to which they are best adopted. 


T. R. BREUNICH 
Project Engineer 
Sonntag Scientific Corporation 


ADJUSTABLE SPEED DRIVES today are 
at an unanticipated level of refinement 
because of demands for better speed 
ontrol, speed regulation, and syn- 
hronization of components. Future 
requirements will undoubtedly be even 
more stringent as automaticity of op- 
eration is further applied to industrial 
machines and military equipment, and 
will be met in many instances with 
packaged drives featuring a-c power 
nput, d-c drive motors or clutches, 
ind low powered electronic controls to 
give close regulation over a wide speed 
range. 

While these drives all use standard 
à-c power and some form of d-c drive. 
he wide speed range, regulation and 
ase of control cannot be realized with 
a primary d-c source. This is due to 
the need for a variable voltage supply 
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The only efficient way to achieve this 
is to regulate the supply at its sourc 
Hence, the use of motor-generator scts 
in Ward Leonard systems or electroni 
tubes acting as variable voltage 
lators. 

Many mployed to 
achieve the end result in electroni 
drive (see table above). The question 
of cost, sensitivity, speed range, power, 
and principle of operation all influence 
the design. It is obvious that a sp 
range of 100 to 1 with 1.0 percer 
regulation is more costly than a unit 
with a 4 to 1 range and 5 percent regu 


regu 


methods arc 


lation manner former r 


com} nents and pro 

the required results 
the different drives 
onsist of units that can 
d sired results at the low 
All electronic drives using 


and gaseous tui 


na 
4114 


vacuum 
and controlling 
field voltage. 2 


using low wattage coils in the clutch to 


es througho 
both armatur 

Eddy current clutches 
ontrol slip, and vacuum tubes or mag 
nplifiers 


Leonard 


netic al 
Ward 


generator sets tor 


control el 


ments ) 


systems using motor 
the main 
source and controlling the drive motor 
by varving the field of th 
generator. Such field control is ol 
tained by | 


means of electron tubes 
magnetic amplifier 


powcr 
pow [ 


! 
voltage 


. Of sp cial for ing 


generators 


All Electronic Drives 


This type of speed control utilizes 
vacuum tubes for the control circuit 
and grid controlled gaseous discharge 
tubes for the power circuit, Fig. 1. A 
multi-winding transformer is used to 
transform the a-c power to the various 


voltages needed. The power circuit 
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onsisting of thyratron tubes, is fed 
winding of th 
Ihe anode con 

ction of these tubes goes through à 
urrent transformer so that a signal is 
ivailable for the control 


from a high voltag 


power 


I transformer 


circuit 
The full wave rectified power 


s fed 
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General Electr! 


rent and voltage feedback are used to control the rectifiers and to maintain a fixed voltage across armature terminals. 


motor armature. The 


rectiner tudes act as modulating d« 


voltage valves, with current and volt- 


age feedback to control setting or 
flow through the valves. Usually, both 
urrent and voltagi dback are neces- 
iry to provide stability and give closc 


regulation 


to limit th 


Current feedback is used 
current of the motor to 
i limits and also to provide com 


pensation for the IR drop in the arma 
ture as the power increases. Voltage 
dback is used to maintain a fixed 
oltage across the armature terminals 
for any given setting of the speed con- 
trol. This voltage is adjusted by th 
nt signal to give the noted IR 
ompensation 


The armature voltage is adjusted 
until it nulls the control circuit refer- 
ence voltage, Fig. 2. This reference is 
selected by the speed control potent: 


d value for 
Whenever the 


error signal is used to 


ometer and has a fix 
speed setting 
ives differ. t he 


every 
two volt 


re-balance them. The current signal 
acts to decrease the amplification of th: 
voltag enal and so the onip has 
to build up before n nii conditions can 
he iblished. TI ile d TR drop 
ompi or l lu th d 
lroop due to the IR vol lrop in 
the armatur 

Curr nt f i} 1 k S ilso used to 
limit the power flow through the tubes 
ind motor. When the current flow 
ncreases abov normal the control 


iplifi f act to redu ( th armatur« 
i this current to 


imum set value. Wi 


th this control 
th syst 3 not a constant i olt ! 
1 constant current lei ind th 


is not closely regulated. These drives 
can be stalled without damage, and 
their acceleration is controlled. 

When close speed regulation is de- 
sired, tachometer voltage feedback is 
used instead of armature feedback. 
This gives a signal that is a pure speed 
signal and not one that is affected by 
the motor characteristics. 

The heart of all these drives is the 
operator that links the control section 
to thc section. This is the 
clement that takes a few watts of con 
trol signal and transforms it into kilo 
watts of controlled power. The 
tronic basic systems 
for this, one being grid phase shift 
and the other grid d-c bias shift, Fig. 3 
In the phase shift control a saturable 
reactor is used in a phase shifting cir- 
cuit. This saturable reactor, also called 
a magnetic amplifier, has an a-c and 
d-c winding, the latter of which con 
trols the magnetic saturation of th 
core. At a low current levels the core 
is unsaturated and the a-c winding 
very rcactn At high d-c current 
levels the core is saturated and the 
a-c winding is purely resistive. This in- 
ductive change has the affect of shift- 
ing the phase of the a-c voltage, and 
is applied to the grids of the thyratron 
tubes to control their firing point and 
voltage output 

The grid bias system uses constant 
phase a-c voltage. By changing th: 
d-c level of this voltage with respect 
to the tube cathode and applying it to 
point at which it reaches 


power 


elec 


drives use two 


the rrid th 


conducts is controlled and so its 


age output. 


tained 


The 


main 


from the armature 


powc [ IS 
thyratro 


Schematic diagram of adjustable speed control utilizing electronic tubes for both the power and the control circuits. ( 
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using grid control to adjust the volt 
to the desired point, and the cur: 
feedback to control maximum flow 


the circuit. 


The all electronic drive has been 


tensively 


spec ds at 


chronize two different fe 
tool, and to supply wide spec 


drives. 


used 
automatically 


on machi 


give 


ne tools 


constant cu 


varying diameters, to 


eds on 
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tt 


s 


( 


rar 


One application is on a milling : 
chine where the drive is on the 
screw and acts to maintain a preset ti 


load. 


former in 


load or torque on this motor 


the leads of 
motor; its signal is proportional to t 


torque is caused 


the signal is an 
cutting force, 


by the 


thc sp 


cutting 


indication of 


and Is used tO cor 


t 


The transducer is a current tra 


in 


As tl 


tor 
$ 


ntr 


the feed and keep the torque constant 
The machine was used to cut fins or 
aircraft cylinders and by increasing th 
feed in non-cutting areas and incr 


ing tool life by load control, 


factor of 
by 30 perc 


This method may 


the machine w 
ent 

also 

millin 


to multi-spindle 
signals of all 
motors are used and the f: 


where the 


to maintat 


One of 
lathe 


n the 


these 


he ad 


the u 
is increas 


ipt 


g machin 


the sp 
ed regu 


preset load on 
maximum loaded spindle 


the critical firing point of the grid can The nature of the groove limits 
he shifted. This shift is similar to th pass to a shallow cut. The drive 
phase shift that the time the tubs ranged to increase the spindle spe 
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Fig. 2—Using manual operation, a speed control potentiometer is used to regulate the 


e Ih 
reterence voltage, against which the control voltage is nulled. Note tachometer feedback 


tool moves toward thx | 


center Dy 

Ing the tool holder operate a f 1 T irrent Ther 
entiometer. At the end ot the cut, im t such as 

he spindle is reversed and its speed in- acceleration of the driv | 


ontrols 
reased by switching in à pr 


| reset specd 1g f imp ant tea room 

potentiometer. The current limit fea ture i ri hat mat machine 
ture of the drive keeps the motor fro l peed i ( lect 
overloading and provides smooth d 
celeration and acceleration 
with a 3 to 1 


f 


automaticall 
Compared A similar 
ratio two speed driv 
production was increased 48 percent controlled by th 
and the cost was only 10 percent mor and increases 

Thes drives are also widely used [his 
to control] strip speed of tension in 


winding applications. 


torque control 


torqu build up n 


I 
linear as it will follow th l 


haracteristic of th 


Inz 


to ope 
1 I 
variable resistor 


screws that 
One drive developed for this main- The 


tains a constant strip speed but does chine and a conveyor or two machines 
not control tension. The transducer is is accomplished by bl 


hy the use of movabli 
a tachometer generator driven by an core reactors and 
idler roll in the system. This is a form These 
of tachometer feedback and the control 
acts to keep the tachometer voltage a 


, 
problem of synchronizing a ma The wide sp 


ontrol ot 
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photo ell controls 

svstcn 1 loop of mater | 


il 
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Fig. 3—In the electronic drive, either grid phase shift (A) or grid bias shift (B) controls the firing point of the thyratron tubes 
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Fig. 4—An eddy current clutch can be used to regulate the power output in response to a low 
level signal input, thus performing the same function as phase or bias shift for thyratron control. 


Fig. 5—With manual instead of automatic cur- 
rent (constant torque) or voltage (constant 
hp) feedback control, the torque of an eddy 
current clutch drive will follow these curves. 


Fig. 6 Typical Ward Leonard system using rotating 
generators for the power section and tube or magnetic 
amplifier controls to regulate the generator field. 
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| | Adjustable 
lvo/fage to 
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~tGen held 
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voltoge -— --- 
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Adjustment — 


tures for resonance point 


» and strength 


under vibration. In this application 
a wide speed range is necessary, for a 
test of a ship structur requires speeds 
of from 400 to 1,800 rpm while air 
craft structures require 1,600 to 7,200 
rpm. Besides this speed range, regula 
tion is important for when a structur 


goes into resonance, the energy absorb- control section 


This system, 


tion goes up. Unless the drive holds The clutch performs 


its speed, the phenomena cannot be 
studied. 
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function as the phase and bias shift 
controls on the thyratron drive. It 
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Eddy Current Clutch Drives 


The second type of drive uses an 
eddy current clutch as the operator or trol section and controls the mai: 
connector between the control sections 
and the power section. 
shown in Fig. 4, consists of an a-c 
drive motor, eddy current clutch, and 


takes the low level signals of the con 


power output. This clutch consists o! 
a wound rotor on the output shaft and 
a cast drum on the motor shaft. Th: 
drum rim covers the pole faces of th: 
wound rotor. When the rotor is ex 
cited by d-c current, the drum rotate 
and the magnetic field that is set-up 
causes eddy currents to flow in the cas: 


the same 
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Torque, Fig. 5, is a function 

ld strength and slip. 
xe control section adjusts this field 
ge and, as in the first type of 
a reference voltage or speed is 
ted by a potentiometer control, 
a feedback voltage from a tach- 
ter on the output shaft is nulled 
nst it. The control section adjusts 
excitation of the clutch winding 
| also its slip, until the output speed 

itches the selected speed. 


[Ihe control of this drive can be 
ried to achieve different character- 

s. The use of current rather than 
voltage feedback gives a constant 
torque condition. A combination of 
urrent and voltage feedback gives 
ontrolled torque and close speed 
regulation. If both feedbacks are 
liminated and the excitation con- 
trolled manually, the torque will 
follow the curves of Fig. 5. 

The eddy current clutch drive has 
again many of the same applications as 
the previous type. However, the speed 
range is limited to 6:1 on a continuous 
Where large speed ranges are 
iecessary, multi-speed motors must be 
used. This gives two to four major 
motor speeds added to the clutch range 
of 6:1 and so the higher ranges are 
achieved. 

These are used on slitters, winders, 
calenders and presses in the paper in- 
dustry and on veneer unreeling, ex- 
truders, mixers and test stands. They 
are also used in power stations where 
close automatic control of high horse- 
power is necessary, and in small 
marine drives for tug power plants to 
give quick speed response for maneu- 
vering. 

A special application is in a testing 
machine where the speed range is 
15:1, the load has high inertia and 
the specifications calls for cycling. The 
full speed range is not required for any 
given cycle but regulation of 4 percent 
is specified. In order to meet these 
specs one motor of 250 hp and one 
two speed motor of 500 hp is used. 
At the lower speeds the low speed 
motor drives through the two-speed 
unit. For the higher speeds the low 
speed unit is uncoupled and one of the 
two speeds of the high speed motor is 
used. This allows the clutch to op- 
rate at its best speed and so give th: 
lose regulation required. A water 
ooled clutch is used to take away the 
heat, and current limit control pro- 
tects the drive motor during the lone 
accelerating periods and also controls 
rate of acceleration by torque control. 
This is an application where all the 
built in controls are used with pre-set 
speeds, torques and cycling all auto 
matically controlled. 


basis 
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Fig.'7—Typical commercial rotating drives with control (A) by thyratron 
regulation of motor and generator field; (B) by magnetic amplifier regulation. 
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Motor-Generator Drives 


The third type of drive uses rotating 
equipment in the power section, and a 
form of Ward Leonard control system 
and either electronic tubes or magnetic 
amplifiers in the control section, Fig 
6. In this an a-c motor drives a gen 
erator and an exciter. The exciter is 
used to control the field of the gener 
ator and supplies the field of a 
main d-c motor. The generator arma- 
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ture is direct connectcd to the motor 
control is obtained 
by controlling the generator voltag 

As the generator field voltage increases 


the generator 


armature and speed 


voltage increases and 
Thus, by controlling th 
a generator the voltage across 


vice versa 
field of 
the armature of 
troll d 


level control to high 


a large 


motor 1s con 
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pOWcT ontrol in 
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this type ot adjustable speed drive. 

Commercial drives Fig. 7, use auto- 
matic control to adjust the motor ar- 
mature voltage. One is an all elec- 
tronic control using thyratrons for the 
motor field and tor the generator held. 
This eliminates the exciter but is only 
used on low powered drives. On the 
larger drives, exciters are used and 
their ficld controlled by the clectronic 
controls 

The unit magnetic 
amplifier for the control clement. This 
has windings for voltage control, anti- 
hunting current limit, and IR compen 
sation. Tho wind 


second uscs a 


these 
ings controls the power to the gener 
field. At present this system 1s 
limited to small drives and requires 
exciter generators when large horse 
power is involved. 

It can be 


resultant oí 


ator 


een, that as these elements 
are cascaded to get the necessary power 
output, a lag factor builds up due to 
the reluctance of the various field 
coils and generator build-up. When 
the control works into a generator 


ficld without booster exciters, the rc- 
sponse is rapid enough for most appli- 
cations but where large power and 
rapid frequency response is required 
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Armoture 


— Amplifier 
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this lag will cause hunting or poor 
regulation characteristics. 

During the war special multi-wind- 
ing d-c control generates were devel- 
oped and brought to a high state of 
perfection. These have the character- 
istic of self forcing buildup, two or 
more control windings and special core 
steel to reduce hysterisis affects. These 
specifications give a unit that changes 
its output voltage rapidly and takes 
very low power input for control. 

There are two commercial units 
employing this principle, Figs. 8 and 
9. Known under the trade names of 
Rototrol (Westinghouse) and Ampli- 
dyne (G. E.), they are generally called 
rotating regulators. 

The Rototrol is a specially built 
series d-c generator with its field in 
series with the armature. The field is 
adjusted by an external resistance so 
that its resistance gives a line tangent 
to the saturaton curve of the generator 
(line C, Fig. 8). If the resistance were 
greater, the generator would not build 
up (line A) and if it were lower 
(line B) it would build up to the in- 
tersection point. Either of these con- 
ditions gives stable operation. 
Operating along line C is actually 
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Fig. 8— Westinghouse Rototrol having a multi-winding d-c generator with its field being adjusted by an external resistance. 
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Fig. 9—GE Amplidque drive with a multi-winding d-c generator, special field structure, and a pair of short circuit brushes that pick 
up field flux and are the basis of power amplifications of about 10,000 to 1 compared to 250 to 1 in ordinary generators. 


— Tuning. resistor 


Generator — — 
field 


Propuct ENGINEERING — NovemBer, 1952 


an unstable condition as the vol: 

is floating and can assume any v. 
along the ordinate. The control w 
ings are used to stabilize the opera 
and fix the output voltage at s 
desired point, but it can be seen that 
the power necessary to shift or adjust 
the voltage is very small due to this 
floating condition. Of the two contro! 
windings, one is used as a refer 
winding and the other as a feedback 
winding. They buck each other so that 
at equal voltages they have no contro! 
effect. When the voltage differs, the 
differential controls, This is the sim. 
plest of the type; many more windings 
can be used, and can be connected to 
give different ratios and types of con 
trol. Likening this drive to the pr« 
ous types, the control windings 
the control section, the series field 
winding the operator, and the arma- 
ture the power section. 

The Ampldyne, Fig. 9 uses a similar 
principle in that the control fields act 
as stabilizers and supply little power 
The power build up comes from a pair 
of shorting brushes. 

When the field is excited and cur- 
rent flows in the armature, an arma 
ture flux, at right angles to the field 
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is created in the field poles. This 
ature flux is proportional to the 

ature current and in a normal d« 
generator is about equal to the excita- 

n fux. In the Ampldyne, this flux 

used to generate the load voltage by 

addition of an extra set of brushes 

id special field structure. Two volt- 
ages are induced in the armature coils, 

from the field coils and one from 

flux set up by the armature cur- 

These voltages are phased at 
nety degrees to each other. 

To get amplification or a large out- 

it for a small input, the brushes that 
pick up the voltage from the field 
fux are shorted. This reduces the re- 
sistance in this circuit to a low value 
for small field excitations, large ar- 
mature currents flow. These large ar- 
mature currents produce a large quad- 
rature, right angle, field flux. The 
armature windings under this field 
now have a high voltage current or a 
large power output. The amplification 
of the system is about 10,000:1 as 
compared with 250:1 for a conven- 
tional generator. This allows extremely 
low wattage input for large power 
outputs. 

The electronically controlled motor- 
generator systems have many of the 
same app lications as the all-electronic 
drives but usually the two systems do 
not compete as each has its own horse- 
power range where price is the primary 
factor. In general the frequency re- 
sponse is not as good due to the inertia 
of the generator field and armature, 
as compared with the inertia of vac- 
uum tubes, but again in the horse- 
powers where these are used, this is 
not usually important. They do have 
the feature of regenerative braking 
which is not easily obtained on the 
vacuum tube type drives, and this 
allows them to maintain as close as 
2 percent regulation with an overhaul- 
ing load 

They are used for calendering, wire 
drawing, pumping, machine tools 
testing machines and paper machines 
where their higher horsepower is re 
juired 


The elite of thes drives are thosc 
using self-forcing generators or rotat- 
ing regulators. All control and op 
rator functions have been designed 
into one compact control packag: 
which has low inertia and extremely 
sensitive control. The regulators can 

used as primary drives for low 
horsepower applications and as forcing 
ontrollers for medium and high 
horsepowers. In other words they ar« 
both drives and controls with the fre- 
juency response and sensitivity of con- 
trol elements. 
One use of these is in high power 
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servos used for gun directing on naval 
vessels, land attillery and airbornc 
is am In industry they are usually 
used on high powered drives with 
multiple control windings for the in- 
tegration of various control signals. 

A complex controls application is 
on a slasher drive in the cloth industry. 
The whole drive is under the control 
of the operator at the control panel, 
but the beam winding drive is under 
the automatic control of a forcing 
generator. The control fields interact 
to slow the drive motor down as the 
reel builds up and increase the torque 
to maintain yarn tension. The actual 
tension is manually set and then auto 
matically maintained. In like manner 
the operating speed is selected and 
maintained automatically. These drives 
also use moisture control on the yarn 
to automatically control the operating 
speed for the desired yarn regain. 

They are also excellent on high 
powered high inertia loads for they 
give smooth acceleration with current 
limiting. This is typical of mine hoists, 
centrifugal casting machines, centri- 


fuges and tire testing machines. The 
latter has a fly-wheel with a WR? ot 
10,000,000 Ib ft^, and requires an 
accelerating torque equal to 400 hp at 
350 rpm to reach maximum speed in 
60 minutes. The control maintains a 
constant current during this period and 
increases the voltage as the drive motor 
speeds up. It is also arranged for re- 
generative braking when the usual tire 
break is not used. During tire braking 
cycles when the generator is discon 
nected from the motor, the generator 
voltage is always matched to the motor 
counter emf so the systenf can be re 
connected at any time for regenerative 
braking or flywheel speedup 

Another interesting application is on 
a large boring mill where the control 
unit operates to match the feed screw 
motor to the table speed. The table 
drive has a synchro and the feed screw 
drive has a synchro and any phas 
error gives a control signal which the 
drive corrects by changing the feed 
screw drive speed. This control is also 
arranged to give closcly 
speed control 


regulat 


Advantages to the Machine Designer 


This outline gives some idea of the 
general operation of these variable 
speed drives and brings out the meth- 
ods of control. The control is the 
heart of any variable speed drive and 
its regulation, ease of operation and 
flexibility determine the versitility of 
the whole unit. Where automatic con- 
trol is operated by transducers, it is 
essential that the primary control ele- 
ments can operate at low power and 
that the control mechanism be self 
regulating. In other words, some form 
of feedback or closed loop system must 
be uscd that compares the output with 
the input and automatically corrects 
CrTOFS. 

All these drives have this feature as 
an integral part of the mn: and 
sO simp lify the design proble em for the 
engineer. The design of a feedback 
control system is not simple and for 
a non-electrical designer, practically 
impossible. These units offer a pack- 
age for integration into a design. All 
that is needed is a suitable transducer 
to change the operating constants into 
either mechanical or electrical signals, 
of low level, that will operate the con- 
trol potentiometer of the drive. Once 
the signal values are set up the drive 
will accelerate or decelerate at a set 
rate, the speed hold accurately over 
wide load fluctuations, or synchroniz: 
in with some other operation 

An analysis of the control circuits 


shows that the basic elements of volt 
age and current control are standard 
features. The removal of these cor 
trols to a remote location and th 
modification of them to fit an appli 
cation resolves into a minor alteration 
of a stock item. This is why thes 
drives are such versatile design com 
ponents, for they can be modified 
low cost to fit special requirements 
Most of them are built as subassem 
blies and rack mounted so that each 
section is a unit prewired for th 
addition of various accessory controls. 
When ordered, the necessary subas- 
semblies can be mounted and inter- 
connected without special engineering 
In this fashion drives from frac- 
tional horsepowers up to hundreds of 
horsepower can be assembled from 
stock items. These are rarely shelf 
items but still are components that 
are fully engineered and field tested 
Costwise this means the equivalent of 
a custom drive at litle more than a 
stock drive of equal speed and pow 


range. 

Another feature of these units is th 
various controls that can be added 
the control circuit to give the desired 


operating characteristics. As th 
speed and current 
variable resistances, any speed in th 
operating range can be preset and 
switched in by 

operat-control and 


controls are smal 


dis onnecting th 
substituting the 
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preset resistan Such control func- the heavy industries. They are becom- The importance of this general list 
tions as inching, creeping, and multi- ing standard in such industries as steel, ing of industrial applications is not to 
ple operating speeds can be preset paper, textile and machine tools where show what is available in stock items 
and switch selected. In like manner extreme flexibility and critical control on these variable speed drives but 
the current limit, which controls is necessary, Fig. 10. The Rototrol rather to show their versatility. Their 
torque and acceleration, can be man- would have similar uses and the other design and their built-in automatic 
ually adjusted or have preset values drives could also be used for many controls make them adaptable to prac 













selected by a switch of these applications that fall within tically any type of application where 
These drives are well accepted by their horsepower and frequency re- variable speed drives would be of ad- 
industry and have found wide use in sponse characteristics. vantage. 
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l'esting: 
High Frequency 
Magnet Properties 


ONE OF THE SIGNIFICANT FACTORS in 
reducing the size of electronic com- 
ponents has been the development of 
new magnetic materials like ferrities 
and powder irons. But designers have 
been handicapped in making the most 
effective use of these materials by a 
lack of authoritative data on their 
properties, particularly at high fre 
juencies. 

What's been needed is a standard 
for determining the r-f permeability 
and the loss factor (or complex per- 
meability), two factors that best 
describe the behavior of magnetic 
materials at high frequencies. Now the 
National Bureau of Standards has es- 
tablished a primary calibrating stand- 
ard for determining these properties 
in the frequency range between 50 
kc and and 30 mc. 

The standard is a coaxial line of 
variable length constructed to dimen- 
sions of extremely high accuracy and 
measurement depends on the change 
in inductance of the line when a 
sample of magnetic material is in- 
serted. The characteristics of magnetic 
materials are determined in terms of 
variations in length of the line. Accu- 
rately calibrated in 19 one-inch steps 
and including a micrometer system 
that permits the measurement of varia- 
tions to within 0.0005 in. along the 
20-in. length, the line is made from 
non-magnetic materials to reduce ef- 
fects from extraneous magnetic fields. 

Here’s how a typical investigation 
is made: 

The output terminal of the coaxial 
line is connected to the "unknown" 
terminal of an r-f bridge suitable for 
measuring inductance in the frequency 
range at which the material will b 
used. The bridge is then balanced 
with no sample in the line and the 
coaxial segment extended to its fullest 
length. 

A sample of the magnetic material 
is ground into a coaxial disk that com 
pletely fills a section of the space 
between the conductors of the coaxial 
line. This is inserted on the center 
conductor on the line and held in place 
by a metal cap that short circuits the 
end of thé line. The resulting bridge 
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COAXIAL LINE of variable length is new standard for measuring the high frequency 
properties of magnetic materials. Closeup of standard shows how ground disk of mag- 
netic material is placed on the central conductor. Metal cap short circuits end of line 





R-F PERMEAMETER for production control uses test sample in the form of a toroid. 
Unit is only two inches long. Large case is Q-meter used with the permeameter. 


unbalance is adjusted to the original 
conditions by manipulation of the 
resistance reading arm of the bridge 
and a reduction in the length of the 
coaxial line. 

The variation in the length of the 
line is directly proportional to the 
permeability of the magnetic material 
relative to air and constitutes a primary 
method of measurement. The differ 
ence in resistance readings is a measure 


1952 


of the loss factor of the material and 
is limited only by the inherent accuracy 
of the bridge instrument. 

For production control, NBS has 
developed a secondary standard that 
does not use such precise calibration 
equipment. This r-f permeameter con- 
sists of a two inch hollow brass cylin 
der fitted with shorting covers at both 
ends. The top cover is removable to 


admit sample materials and is made of 
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IN TENSILE TEST, wire failed (left end) while Koldweld re- 


mained intact showing cold working effect. 





MICROPHOTOGRAPH of Koldweld shows how pressure 
causes an interflow of metal that makes a homogeneous bond 


Pressure Welds Non-Ferrous Metals in Cold Process 


IN A NEW PRODUCTION PROCESS, non-ferrous metals like 
aluminum and copper can be welded without heat, flame, 
and without acids, fluxes, or chemicals, 
Call Koldwelding, the new process uses pressure to cause 
a flow of molecules that makes a bond with greater tensile 
strength than the original metal. 


I r t 
or clectrical curren 


Unlike conventional welding techniques, in which heat 
inncals the metal and reduces its tensile strength, Kold- 


welding work-hardens the metal to improve its strength. 
Using special tools developed by Utica Drop Forge and 


In structural wiring, this process reduces fire hazards 
since the joint becomes integral with the wire itself and is 
not subject to failure by twisting or breaking. In addition 
the electrician uses no flame, chemicals or electrical current 
in making the bond. 

The main advantage in welding sheet with Koldwelding 
is improved strength of the bond. Under test, the metal 
itself will tear before the bond fails. 

Koldwelding was originated by the General Electric 
Company Ltd. of England and the sole licensee in the 





Tool corporation, the cold bond can be made in a few United States is the Koldweld Corporation. Utica Drop 
onds Forge and Tool Company have made arrangements to 
At present, two brg uses are seen for the process; welding manufacture equipment to use the process. Now, Utica has 
hect and wire. Advantages in wire joining include: the two tools in production, one for Koldwelding wire, and 
production of a bond in the same gage as the wire itself, the other for sheet. Both are portable and operate basically 
limination of clectrolysis, and in power transmission on the pliers principle. The company also plans to make a 
ibles the climination of clamps that tend to loosen and pocket tool about the size of a standard pair of pliers for th 
radio interference electrical contractor and the home owner 
ryllium copper to obtain a springy measurement of the temperature co- 1956. The speed up stems from in- 
t electrically tight fit. The bottom — efficient of magnetic materials, a prop- creased interest by the military in the 
over is permanently fixed and has a erty which indicates the stability of metal. 
ntral spike which forms the center these materials at high temperatures. Now the Navy has joined the Air 
onductor of the coaxial line. A shelf Used in the proper place, these in- Force in wanting to take advantage 
made of low-loss insulating material struments will permit the designer of titanium's corrosion resistance, 
para he upper third of the cyl- wider latitude in the use of magnetic strength-weight ratio, toughness, and 
ler fre he lower portio materials. Generally, he wants a ma- the other properties that had metal- 
[he 1 toroidal g sar terial with high permeability and low lurgists acclaiming it a — "wonder 
pl An r-f bridge or Q-meter loss factor. But in some applications metal” (PRODUCT ENGINEERING, Nov. 
ilan the toroid in place and the losses ar unimportant and in 1949, p. 129; Nov. 1951, p. 164). 
with a proper number of windings on others he can use high losses to ad- Originally, Washington planners 
t. Then thc w ngs are removed and antag« hoped to boost titanium capacity from 
the magnet imple toro d without its present 2,000 tons a year to 10,000 
windings placed on the shelf and Eo d hos tons by 1955. The new schedule is 
the impedan ridge is rebalanced U. S. Will Push a compromise with that proposed by 
The variation in input impedan is Titanium Expansion the Munitions Board. j 
rcad from the bridge, indicates th The Board, which has been working | 
quantity from which the permeability | WASHINGTON —Government offi- with industry on titanium production, ] 
and loss factor can be computed ials plan to deal themselves into the recommended an increase in capacity ] 
A simple adaption of this pern titanium picture in an effort to push to 35,000 tons a year. But the Defense 
ameter cat made to permit the production up to 22,000 tons a year by Production Authority put the brakes 
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such a large program. For one 

ng, such a proposal would A 
$140 million for equipment and an 

iditional $525 million to buy the 

etal. DPA doesn’t want to sink that 

uch money in present day production 

chniques. They're hoping that some- 
one will come up with a new low-cost 
process that will put titanium in the 
same price class as aluminum. 

Even the 22,000 tons expansion pro 
gram is going to take plenty of gov 
rnment encouragement, including, 
government money. For titanium, cur- 
rently costing $5 for sponge metal to 
$15 per Ib for sheet, suffers from an 
ailment common to all new materials. 
Producers hesitate to expand produc- 
tion in the face of uncertain demand, 
and the dangers of obsolescence of the 
present high-cost reduction process. 
On the other hand, consumers are re- 
luctant to start using it in the face of 

uncertain supply. 

Here is how government aid will try 

push the titanium expansion pro- 
gram with the high-cost Kroll mag- 
nesium reduction process: the govern- 
ment will loan cash to producers who 
are willing to build up plants and 
equipment, and the producer can repay 
the loan in metal instead of cash. The 
government will grant rapid tax write- 
off privileges. And one of the most 
enticing lures being dangled before 
prospective producers is the govern- 
ment’s offer to cancel indebtedness if 
the Kroll equipment becomes obsolete 
during the life of the contract. 

Titanium research is currently one 
of industry's hottest competitive races 
with about 40 companies entered. So 
far results have been disappointing. 
One company has five different proc- 
esses in pilot plant operation; how- 
ever none of them are ready for 
commercial use. Another company 
feels they have a satisfactory method 
for electrolysis of a titanium com- 
pound but they aren't willing to put 
it into large scale production. 

Some of the problems yet to b 
solved in production processes are: 
1) how to get a low-cost continuous 
production process for separating 
metal from its ores. 2) To develop a 
method to prevent contamination of 
the metal when it's hot or molten. 
3) To develop improved methods for 
working, casting and welding the fin- 
ished metal. 

If these are ever resolved, the tita- 
nium picture would be bright. Tita- 
nium ore is plentiful; it's the ninth 
most abundant element in the earth's 
crust and is four times as plentiful 
as zinc lead, and copper combined 
Known North American reserves of 
ilmenite, the major source of titanium 
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ore, are suffjcient to annual 
product )1 of 500,000 tons of metal 
for the next twenty-five vcars 

But right now, th« price and supply 
is such that designers can use it only 
for top priority jobs like jet engine 
components. Industry would like to 
try it in many kinds of applications 

In aircraft: for structural parts 
medium temperatur: 
face applications, 
metals lik« 

In marine — applications: to 
replace copper-l ase and nickel-l al 
loys that have been hard to get 

In chemical equipment 
like pipes and 
shafts, containers, 


support 


and 
engine nd sur 
repl acing heavier 


stainless steel 


applications 
condensors 
plumbing fixtures 
and laboratory equipment. 

In ordnance equipment: to repla¢ 
steel in protable or mobile equipment 
particularly that which is airborne 


tubing, 


Foam Plastic 
Adds Strength to 
Aircraft Structures 


LOCKHEED AIRCRAFT CORPORATION 
has developed a foam plastic (PRob- 
UCT ENGINEERING, April 1951, p 192) 
for use as a structural stiffener in cavi 
ties of complex parts. Called Lock- 
foam, the new material is poured lik« 
molasses into hollow parts and then 
changes to a solid that resembles angel 
food cake in texture 

Most important prope: s of 
material are its 


p trength 
ability to adhere, without 


this 
and its 
glue, to 


t 


metals, 


Vary 


1.4 t t m ' Ermi } 
ng additives to the plast permit the 


wood and fabric 


paper 


producing ot Locktoam tor specit 


apable ot 


urposes tron 
I I 
withstanding pressure in excess of 200 


spongi 
ung [ op rties 


f 


ngunecrs 


apprecial | 


While Loc 


kloam | 


XMSSCS radal 


without interter Lockheed « 


+} ' t ' ^ 4 1] è ' la 
na It prov aes Lint In5uià 
against shock, heat, cold, sound 
tion, and electrici Because 
omp 
pany 
good 
Density of material can | 
d from 13 t b per cu ft 


| 
DOL lin-n ( 
pour d-in-place, 


1 
through noles 


moisture resistance, the arc 


} 


pclicves it W 


1 1 
IH AlSO Serve 


building insulation 


qu 
2 
sucked into cavities 
pouring 
| lox KS and 


too small tor 


or flowed into casting 
material sets under 
1 

conditions without heat 


carved to Size The 
ordinary room 
or special equipment 

Lockheed is now using the material 
to such 
rudders 
levators, wing trim tabs, and rocket 
xit doors on tl ( 


to give strength and stability 


odd shapi d parts as ailerons, 


Starfire ; 
shock absorbing structur and 
PRV 

insulation in th 


ntilating system of the Super 


wing 
antenna housing in th 
also using it as abin 
stellation 

Lockheed has licensed the American 
Latex and Nopco Chemi al Con 


] 
to manufacture and mark: 


panies 


t Lockfoan 


NEWEST CLAIMENT for the title of the world’s most powerful jet engine is this 


Westinghouse Turbojet aircraft engine now in production for the U 
25 ft long and weighing 3,500 Ib, the engine uses axial flow 


S. Navy. Almost 


design and an afterburner 


to develop the equivalent of 25,000 hp. Engine will also power aircraft accessories. 
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HNICAL NEWS 


[HE DEVELOPMENT OF POWDER 
METALLURGY in Sweden has been in 
fluenced by two facts: Sweden is 
famous for its iron and steel indus 

and the Swedish engineer is 
recognized for th skill of his me- 
hanical design. As a result most of 
the powder metallurgy parts used in 
country are made 


from iron and steel powd rs, and arc 


the Scandinavian 


haracterized by uniqueness in design 

According to Dr. Henry H. Haus 
Electric Products, In 
completed an inspection 
trip of Swedish facilities, this is th 
current powder metallurgy picture in 
Sweden 


ner, Sylvania 
who has just 


> Sponge Iron. Most of the powder 
metallurgy producers use sponge iron 
powder, a low-price, high quality iron 
powder that has been made by Hoega- 
naes-Billesholmes A.B. since 1911. In 
1951, over 5,000 tons of Hoeganaes 
powder were used in Europe, and 
more than 116 ton were used in the 
United States, representing almost 60 
perc nt of American tron powd: r con 
sumption). Unofficial observers esti 
mate that this company produces about 
0 percent of all the iron powder used 
in the world 

Husqvarna Vapenfabriks A.B. is a 
major producer of electrolytic iron 
powder (750 tons in 1951). The 
company uses powdered iron parts in 
the manufacture of bicycles, sewing 
machines and household appliances 
like washing machines and refrigera 
tors, They us 
double sint: ring 
the produ 
close dimensional tolerances 
finished surfaces 
high density 
to 50,000 psi 


i double pressing and 
process that permits 
tion of structural parts with 
and good 
Such parts have a 
a tensile strength of 40 
ind an elongation of 30 
to 46 percent 
> Self Lubricating Parts. A. B. Glissa 
in Stockholm has concentrated on the 
manufacture of sintered structural 
parts like self-lubricating bearings and 
other self-lubricating parts. In gen- 
eral, Glissa's processes for compacting 
powder are simpler than those used 


in the United States, although they 
also use Stokes Presses. Compacting 
dies are usually more complicated and 
produce unusual designs. Dr. Haus- 


ner reports that he was particularly 
impressed by the almost unbelievably 
complicated shapes this company was 
turning out 

Other major producers of sintered 
parts include: A. B. Svenska Metall 
verken, Vasteras, producers of sin- 
tered plates for storage batteries and 


200 


Special Report: Powder 


Metallurgy in Sweden 





THIS BUSHING with a spiral spline made by A. B. Glissa, Stockholm is typical of 
the complicated parts produced in Sweden by Powder Metallurgy. 


frictional materials; Svenska Dia 
mantbergborrnings A.B., manufac- 
turer of high quality diamond tools is 
an extensive user of the hot pressing 
method of powder metallurgy; and 
such companies as Lumalampan A.B. 
and A. B. Kanthal are using pow- 
der metallurgy in other products. 


>Other Materials. In the electrical 
industry, Surahammars Bruks A.B 
have developed sintered electrical con- 
tact materials. And Dr. J. Heuberger, 
manager of the Glissa works, has 
pioneered in the production of copper- 
graphite generator brushes by powder 
metallurgy techniques. 

Five factories in Sweden are cur- 
rently making sintered carbide tools 
for export throughout the world. Most 
outstanding have been those used for 
rock drilling purposes. 


> Differences in Techniques. Sven I. 
Hulthen, Chief Engineer of Hoega- 


naes claims that the main difference 
between Swedish and American pow 
der metallurgy production is in the 
use of equipment. He pointed out, 
"In Europe, the most commonly used 
presses are simple, hand-operated ma 
chines. Simple hydraulic presses arc 
used only when pressure greater than 
50 or 75 tons is required." 

Hulthen admitted that this necessi 
tated the use of more complicated 
tools to compact parts of intricate 
shape in the direction parallel to th 
compacting pressure. The usual solu 
tion to this problem is to float the dic 
on the springs. 

Hulthen also warned that a de 
signer should consider the end us? as 
well as the design of sintered parts 
He pointed out that neglecting to do 
this ruined powder metallurgy in Ger 
many after the war because of wide- 
spread failure of parts used in the 
wrong applications. 





New Patent Codification Goes into Effect 


WASHINGTON — Improved cff. 
ciency at the Patent Office is expected 
now that the recent codification of the 
Substantive Law of Patents is in effect. 
While Patent Office procedure has 
been undergoing a housecleaning for 
the past two years (Propuct EN- 
GINEERING, Sept. 1952, p. 203) fur- 
ther changes are in the cards to con- 
form to the new law. 


Most of the changes in the law deal 
with changes in time for appealing 
certain actions. Most of these have 
been incorporated with a view to step- 
ping up Patent Office efficiency, while 
a few alterations have been included as 
the result of recent judicial decisions. 

Patent Officials are worried about a 
possible flood of applications based on 
a mis-interpretation of the new law 
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it has gotten wide publicity. Rumors 
ve indicated that new uses for well 
own chemicals are now patentabl 
it according to Patent officials this 
is not been true, and is not true un 
r the new set up 
The confusion stems from a new 
finition of the word "process." Un 
er the recodification it is possible to 
vet a patent on a method of applying 
chemical. Patent officials explain it 
his way: 
If an inventor develops a process 
which happens to involve the use o! 
rosene) for killing insects, he can 
patent this now. He could also get 
inother patent on his process covering 
ts application for killing weeds. But 
he cannot patent the use of kerosene 
or any other chemical as a weed killer 
or an insecticide. 


BIR Cracks Down on 
Non-Profit Research 
Institutes 


WASHINGTON —The Bureau of In 
ternal Revenue has issued a new regu 
lation that interprets "Rescarch" as 
it applies to income taxes. Under this 
ruling which is effective on income 
from contracts during 1951 and there- 
after, nonprofit institutes that show a 
profit on their commercial testing and 
research will have to pay taxes on these 
sums. 

Background for the new interpreta- 
tion stems from the investigation of 
commercial activities carried on by 
universities and scientific non-profit 
organizations conducted by the Joint 
Congressional Committee on Internal 
Revenue Taxation. As a result of this 
study that ran from 1947 to 1950, the 
Revenue Act of 1950 carried a number 
of provisions that would tend to tax 
and restrain these activities that were 
competitive with private enterprise 

But the law specifically exclud-d 
from taxation income derived from re- 
search in colleges and hospitals on the 
grounds that it was related to educa- 
tional objectives. Only revenue pro- 
duced by production possibilities, such 
as the spaghetti factory owned by New 
York University, was subject to taxa- 
tion. 

Last January BIR proposed a regu- 
lation that would prevent institutions 
from avoiding taxation under the guise 
of research programs. In September, 
they published this regulation which 
defines tax-exempt research. 


raal Or ndustrial operati 


xample, the testing or inspe: 
juipment and buildings 
Che regulation further states 
fundamental 
clude 


marty commercial or in 
dustrial ippl 


ap} ication As a [ 
FCSCATFC h 


that 
research" does not in 
research carried on for the pri 
purpose of 
sult, 
non-profit institutes will not 
be able to claim tax exemptions on 
income derived from commercial test 


ing or applied research 
Predict Big Battle 


Observers in thi Capitol [ecl that 
BIR’s definition ts just a skirmish 
They think the big battl 


5 


will con 


when laywers from the non profit in 


es challenge 
Their main argument will 
be: universitics should have some be n 


stitutions and 


the ruling 


universiti 


efits, such as being able to operate 


commercial enterprises, to raise money 
to replenish their coffers 

Aligned with the BIR in the fight 
will be the Commercial Laboratories 
who insist that no one should get sp 
cial treatment in tax matters, especially 
at the expense of private enterprise 

According to the American Council 
of Commercial Laboratories, spokes 
man for most of the labs, ‘Research 
findings of tax-free institutions no 
matter how financed are in the public 
domain. And these should not b 
handed over to an individual firm or 
organization.” 

ACCL insists that the public pays 
part of the cost of this type research 
and therefore it should get the benefit 


Executive secretary Dr. Harold M 


^ ART 


Wi ee 


Dudley says that ACCI 
non-profit 


tundamental research 


pos: instituti 


heartily agree with BIR’s 


the regulation which 


n ptions I 


Zinc Institute 
Emphasizes Availability 
WITH 


balance th 


UPPLY AND DEMAND FOI 
at à 


t 


stitut 1 


has issu 
sure industry 
avatlabl tor 


th Institut 


> Zinc is no 
ritical and 5 
tional. Production 

from allocation 


May 15 


consum 


ZInk 
ontrols on f 
rs in the Unit 


d on August 15 


ctions for 


Kingdom were remov 
La 


[he government is making no regu 


' 1 
lar purchase of zinc tor the national 


stockpil 
> Slab zinc product 
seven months of 1 
roduction | 
000 tons Stock 
luly 31 were 97,000 t 


to 22,000 tons on Janu 


> World zinc min 
than twice as large 
continued accelerat 


The new ruling says that research 
does not include activities of a type 
ordinarily carried on incident to com- 


SPECTROHELIOMETER, developed by the General Motors Research Laboratories, 
will measure intensity distribution of the sun's energy during the day and year in an 
effort to determine which parts of solar radiation are most injurious to finishes 


s 
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Multi-colored plastic 
ornaments on 
automobiles were hand 
painted luxuries 

a few years ago 

Now, with the help of a 
bit of Silastic, they 


are mass produced 





Courtesy Bay Mfg. Div., Electric Auto-Lite Co. 


as a die for hot-stamping pigmented foil 


t m 


where other materials fail 






— 


ZINC UM 


j One of the problems in developing this process was to find a material 
H | for hot-stamping pigmented foil. Specifications called for a die-tip that would 
- remain resilient and not stick to the foil after thousands of impressions 
} at surface temperatures in the range of 500 F. 
Jj | Mter trying many materials, that problem was solved at the Electric Auto-Lite 
`; plant by using Silastic. For more than 3 years the same Silastic tips 
= have been used, and none of them has worn out, lost its flexibility or 
peeled off its metal backup plate. 





Retention of rubbery properties at temperatures ranging from —100 
to over 500 F makes Silastic unique among rubberlike materials. Combine 
such stability with excellent resistance to oxidation. to outdoor 


weathering, and to a variety of hot oils and chemicals. and you have one 
of the most useful of gasketing and sealing materials. Combine those with 


good dielectric properties, and you have an ideal insulating material 


for transformers and traction motor field coils, Navy control cable. and 
ignition cable for aircraft and ordnance vehicles. 
*T. M. Reg. U. S. Pot. OF 


FIRST IN 
SILICONES 


DOW CORNING 


Dow Corning Corporation, Dept. R-23, Midland, Mi 
Please se e 


Facts 10a with new data properties a pi t fa 





CORPORATION i 2 | 
City i Jone State 


MIDLAND, MICHIGAN 
Atlanta + Chicago + Cleveland - Dallas « New York + Los Angeles « Washington, D. C. « in Canada: Fiberglas Canada Ltd., Toronto + In England: Midland Silicones Ltd 
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Product Engineering E 


Reference Book Sheet 


Stress Chart for Spur and Bevel Gears 


H. M. DURHAM 


Bending stresses for spur and bevel gear teeth can be 


levated graphically with this chart. Based on the Lewis 


Equation as indicated by the following formulas, it is 


applicable to cut gears of average accuracy: 


P/F X DP = P./F l 


. P, 1200 + / 
s= ) ( 1200 ) Spur Gears 2 
P, 1200 + / L à 
5 ) ( 1200 ) I F Bevel Gears 
1 e ^ Straight 
teeth 
, 4 
COS a 
Where 
P = Tooth load at pitch line, lbs. 
P. = Equivalent tooth load in lbs per inch of face and 1 DP 
DP = Diametral pitch 
S Fiber bending stress at root of tooth. psi 
Y = Tooth profile factor for spur gears with » teeth 
Y, = 'Tooth profile factor for bevel gears with 7; teeth 
L = Pitch cone radius, in. 
I’ = Pitch line velocity or nominal pitch line velocity in bevels, 
fmp 
F = Face width, in 
a = Pitch cone angle 


As noted in Eq (1), the pitch line loads divided by th 
face width give the load per inch of face based on a dia 
To find th 
multiply the given load by the DP 


metral pitch of unity equivalent load, P 
Referring to Eqs (2) 
and (3) it will usually be necessary to include a stress 
concentration factor. Curves, equations, or tables of thes 
factors are given in most design texts 

Past experience indicates that in using the chart for spur 
gears, the best design procedure is to assume pitch and 
face dimensions, then check the resulting stresses graph 
ically. With practice, optimum proportions can be estab 
lished with a few trials. 

For bevel gears, the formative number of teeth, ,, can 
be found graphically in accordance with Eq (4) if th: 
actual number, », and the pitch cone angle, a, are known 
The second example illustrates how to evaluate », as well 
as the 


L 


[-p times the nominal pitch lin 


equivalent load, which is numeri ally equal to 
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EXAMPLE 1. 


Find the bending stresses in a 20 deg sp 
Í 
pinion having 20 teeth and 2 DP. Th 


« ] () T nd th nite} load 


SOLUTION 
P, (P/F) 


as shown to inters 


1,000 2 000. Thus irawn 
ct the 1,200 axis 
cally to X-X and connects th line I at 


intercept. The stress intercept indicat ilue of 


fpm line a the P 
Line I] drops vert 
the P, 


12,400 psi. 


EXAMPLE 2 


A bevel gear set has a 2 to 1 ratio. The PD yr th 
l 43 deg pinion and gear are 40 and 80 in., res 
The tooth face dimension is 10 in., DP is 1 and the velocity 
at the nominal pitch line is 600 fpm.  Pitcl ic. load 
3.000 Ib per in. of face width 
SOLUTION 

From the left end of line III, which A 
) i0 to the Gear Ratio lit 1 
© as n This gn or it ( 
of 45. Similarly, the format nut f 1 fo 
gear n 59 

lo iluate the load f or, drav IV 
value of 3.000 |] Th I f 
to a scale. Fro point P, lay off the f lu on to tl 
same scale on line IV, i.c. the length of P 
line IV X ith P, as a ter | A ) } 
which gives the intercept y. Draw 5./ and then draw a line 
through P, parallel to This shows th 
i’ ar load ^ 3.800 

Continuing as with s g | \ VI 


drawn. The inter 


! } 
a bending stress at the pinior 
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@ Many of America’s leading manufacturers, 
producing a wide variety of products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel- 


— 


opments as high pressure casting, special 
alloying practices and improved quality 
through the "controlled metals process'' 
make Auto-Lite the logical source of supply 
for precision die castings. Address 
inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 


Die Casting Division 
Woodstock, Illinois 


Lockland Division, Cincinnati 18, Ohio 





600 So. Michigan Ave. 723 New Center Bldg. 
Chicago 5, Illinois Detroit 2, Michigan 
Tune in ''Suspense!'"....CBS Radio Monday....CB8 Television Tues 


DIE CASTINGS * WIRE & CABLE e 
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Product Engineering Reference Book Sheet 


Stress Chart for Spur and Bevel Gears (continued) 


50- 


12 14 16820 25304050 75100} 300 
Rack 


No. of teeth 
20 aeq stub 


150 
» *00 Bu 
4 161820 25 30 40 5075 100 pr No. of teeth, 20 deg full depth 
Rack 
r100 
150 


2 14 66 18 20 25 30 405015 ) No. of teeth, 14% dea 
Rack 
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Equivalent Tooth Load, Pa, 10° 
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BI Fg 44 " 2 
ow-torch heat doesn't "faze" this metal 
OUI Kem 
Ihe unique heat-resisting qualities of Armco ALUMI- it also reflects heat up to 900 F. About 80% of the radi 
NIZED* Stecl are demonstrated in the test pictured here. ant heat sent against its surface bounces back. 
I wo sample sheets of steel, one Armco ALU MINIZED and If your products are exposed to a combination of heat 
the other a standard cold-rolled grade, were mounted and corrosion, you can give them extra sales advantages 
side by side and subjected to blow-torch heat. by using Armco ALUMINIZED Steel. The "give and take" 
[he ordinary steel soon scaled and pitted, but the qualities of this special hot-dip aluminum coated steel 
ALUMINIZED Steel was not damaged at the end of the test. make it ideal for many applications. 
Not only does ALUMINIZED resist damage from heat — Write us for complete data on ALUMINIZED Steel. 
( C ) 
ARMCO STEEL CORPORATION pRMCO 
4652 CURTIS STREET, MIDDLETOWN, OHIO e PLANTS AND SALES OFFICES FROM V 
COAST TO COAST è EXPORT: THE ARMCO INTERNATIONAL CORPORATION I 
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Product Engineering Reference Book Sheet 


Nomograph for the Volume of Cones and Pvramids 


LT. S. R. HELLER, JR., BUREAU OF SHIPS, U. S. NAVY DEPT 


Volumes of cones and pyramids whose bases are regular polygons of any number of 
sides can be calculated with this chart. Use is not limited to right cones or pyramids. 


Radius of circumscribed circle-R 


6 





ia 
? 
w 

o 

2 
vV 

© 
o 

=z 


Example: Find the volume of a 


square bose and a height 


Solution: Since n=4 for « 
shown connecting n and Line IT from R=5 through 
the intersection of line I and the diagonal line 


indicates o volume of 200 cu. in 


1200 1100 1000 900 800 700 600 500 
Volume ~ V 


PropucT ENGINEERING — NOVEMBER, 1952 











N 


Z lla Y 


Y 


^5) U^ WA YU 


4 inlet fiow 


A h 


N 
D 
N 


f, 







Housing 
end 


] Crankshott 
Center housing 


Positive Displacement Liquid Flow Divider 


THE POSITIVE displacement unit known as the ratio-flo, 
divides a flow of liquid into two separate flows at a pre- 
determined ratio, or combines two separated flows into one, 
also at a predetermined ratio. The flow divider consists 
essentially of two nutating vanes of the type usually found 
in water meters which are connected by an offset crank 
shaft that rotates as the vanes nutate. This causes the two 
vanes to operate exactly together and permit accurate divi- 
ion of flow. The unit is designed for a maximum outlet 
differential pressure of 85 psi 

The ratio of the two divided or joined flows can be 
predetermined to fit the needs of any given system, and 
the ratio is automatically held to a strict tolerance. Pressure 
drop through the unit is low, and the internal parts are 
arranged so that a restriction occurring down-stream of the 
unit results in an immediate pressure increase in the re- 
stricted line with only slight effect on the up-stream pres- 
sure. Where such a feature is required, automatic bypass 


in be included in the design of the unit with the addition 
I one part 
Unusual features of the ratio-flo are: very low pressure 


drop; accuracy; simplicity (three moving parts); and the 
pressure increasing effect that occurs in the outlet line with 
the greatest pressure drop. Under this condition the oppo- 
site valve becomes a pump which transmits torque through 
the crank shaft to the vane on the side with the restricted 
outlet 

The units are completely automatic, can be mounted in 
any position, require no maintenance, and are made in 

nch or more in diameter. All normal 
ssures and flows can be handled without 
difficulty. There are no connections or controls, other than 
the plumbing attached to the unit. Inlet and outlet parts 


any line size. Or 
fluid system pr 


can be rotated in 45 deg increments. Weight of the unit 
is 2.3 pounds and it is light enough to be supported only by 


the fittings attached to it, but is designed so that it may b 
attached to any adjacent structure. 

A typical installation showing the proportionate division 
of flow is an aircraft lubricating system. In this case the 
scavenger pump taking oil from the engine forces it 
through the ratio-flow unit which sends an equal flow 
through dual oil coolers regardless of any varying pressur: 
drop. The results are that congealing in either cooler is 
minimized by forced flow, and a more accurate control of 
cooler operation is possible. Another installation is th 
combining of two flows from wing-tip fucl tanks. 

The ratio-flo units may be used in bel of all types, oils, 
hydraulic fluids, water, alcohol, and other fluids. 


Wm. R. Whittaker Co., Lid., 
915 N. Citrus Ave., Los Angeles 38, Calif. 


Flow avider (prototype) 


Model 100063 flow | 
- divider (ratio - fio) 
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SPECIFIED BY PRODUCT ENGINEERS 


Hydraulic Surge 


Damping Valves 


[he surge damping valve i$ a normally closed valve that 
pens when pressure is applied to the inlet side. It allows a 
gradually accelerated flow through the valve until fully 
open. After the period of acceleration, free flow is main- 
tained as long as the fluid continues to flow through the 
valve. When the flow is interrupted, the valve resets and 
is ready for the next operation. 

An unusual feature of the valve is that it will open at a 
slower rate of speed when high pressures are in effect than 
at lower pressures when the valve is subjected to sudden 
surges of fluid. Also, the rate of opening will increase 
as the pressure in the outlet line of the valve approach-s 
that at the inlet side of the valve. 

The valve is constructed with a spool which is normally 
held closed with a spring to prevent flow from the inlet 
to the outlet. But when pressure is applied to the inlet, 
the spool moves toward an open position. The rate of 
spool movement is controlled by a small pressure respon- 
sive valve, and is controlled by the difference between the 
outlet an dthe inlet pressures. This results in the difference 
in Opening speeds at various pressures. 

Less than a second is consumed in the operation of the 
control. The time consumed for the operation of the valve 
is no greater than the lost motion of shock when no surge 
damping valve is used, as is shown in the oscilloscope 
readings at right. 

The industrial model, the larger valve in the illustration, 
is built in two sizes, 3 in. and 1 in. threaded internally on 
cach end. They are listed as model E-112 P-8 and E-112 
P-16, and may be used for circuit requirements to 5,000 
psi. With the use of bushings, they may be adapted to 
pipe or tubing of any size from 1 in. up. 

The aircraft model is smaller in overall size, and is 
threaded externally on each end to save weight. This 
valve is available in 4 tube sizes: 1, 3, 4, and § inch. They 
are listed as E-106T-4, 6, 8, and 10, and may be used 
with systems operating at pressures up to 3,000 psi. 

Parts numbered in the cross-section view above are: 

(1) & (2) Two piece body; (3) Gasket; (4) Sleeve; 
(5) Plug; (6) Sleeve spool; (7) Pin fitted in spool; (8) 
Spring; (9) Reaction valve device; (10) Pin to hold 
(9); (11) Spring keeps needle from the seat in the spool ; 
(12) & (13) Check valve poppet and spring; (14) Spring 
guide sleeve; (A) Orifice in head of device (9). 

Recommended applications for the surge damping valve 4—— |wionout, surge. dampino 
are: the port of four-way or reversing valves; in a cylinder I ——+ 
circuit as an automatic decompression valve. It may also t—~— |With surge damping 
be used in any line leading from an accumulator or any 
part of a circuit that has a in suddenly started after hav- 
ing been static or carrying a reverse flow. The chart at right 
shows an oscilloscope reading illustrating the effect of 
pressure suddenly released in the circuit. The valve is 
responsive to the pressures at the inlet and outlet connec- 
tions so that changes and adjustments are unnecessary. The Denison Engineering ¢ ( 








CONTINUED ON PAGE 210 
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A new recorder of the null-balancing ( potentiometer ) 
type, claimed to set entirely new standards for both me- 
chanical and electrical design simplicity and to give many 
operating advantages, has among its new features, a simpli- 
fied chart frame which swings out full 180 deg on straight 
pivots with the chart always remaining in time sequence. 
When the frame is op: ned the pen lifts out automatic ally, 
reducing false linc drawing and eliminating pen — 






Changing chart speeds lave 


simplified. Chart speeds from inches per hour to feet 
per minut available without gear changes. 


and changing ranges, also |} 







cn 


Arc 


A screw 













dr r adjustment will give a selection of five different chart 
peeds that are doubled or quadrupled changing one 
worm and pear as mbly 

Changing ranges requires only substituting the desired 

ange standard on the range panel and tightening by screw 

r. There are no soldered connections to break, and no 

} l | the universal slide wire. To change 

t ref inction compensation for another type of 

ocouple, or to chat the reference point (0.0 mvs) 

O livolt range, the con pensation standard is r« placed 

| “ A ler on the range panel permits correc- 
mt rtn instru nt i trical Zcro 

The amplifier uses two 12AV7 and two 12AX7 tubes 

t requ no matching and are available at radio supply 

í Removal of th lifier assembly for servicing or 

res pulling two plugs and remov- 

y W Ihe amplifier provided with a 











flector-type shad 
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Simplified Recording Potentiometer 


into which the mag- 


FI istrial ] nifier snaps. Accessories furnished aré a new hose made with neoprene com 
£ ) | tio non-illuminating handle and a metal pounds and laminated nylon chafer 
) | pr ipod, which multiply the uses of the duck, is being used for pressure and 
| ) lirect ilh enifi [he instrument's lens sys vacuum services. This wire reinforce 
t It co juipj t ignifies five times and is cor- hose has been designed for abrasive 
vith ypes of ill nator rected to nate almost all spherical dust collection, heavy flexing and grav 
ndl ry-po red t ] hromat iberration and distor- ity feeds Size 1S 13 to 24 in. ID 
her for wit o It has vide, flat field. Bausch The American Ventilating Hose Co 
;., Rochester, N. Y 100 Park Ave., New York N. Y 








ALS AND PARTS conti»ied 














double pole, toggle type main power and motor switch. 

The speed is approximately 13 sec to cross the chart o 
60 cycle operation, and the accuracy within plus or minus 

percent with higher accuracies available. The recorder is 
furnished to measure and record temperature, a-c and d 
voltage, a-c and d-c current, resistance, speed ratio, power 
frequency, hydrogen ion (ph), light intensity, or any other 
quantity that can be converted into electrical values. 

The case of the recording potentiometer measures 15} 
113 x 143 in., and is adaptable to standard radio racks 
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LIGHT WEIGHT and very flexibl 
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N A Master Pormula... 


Create an impression of high quality at first glance 
à which will remain as a long-lasting sales asset after 


the day of delivery. This formula can often 


be applied with 
MADISON-KIPP 


The earmark of high quality 


is immediately apparent even on so simple 


a part as the die cast Oil Level Stick, here 
illustrated. Prospective buyers can quickly 


see and feel the difference. 


You may find it very profitable to use Madison Kipp 
die castings for your new parts or the parts you 
expect to redesign. Please send all correspondence 


to our home office in Madison, Wis. 


206 WAUBESA STREET, MADISON 10, WIS., U.S.A. " ST Pat DP 


ANCIENS ATELIERS GASQUY. 31 Rue du Marais. Brus- f 
sels, Belgium, sole agents for Belgium, Holland, F 


France. CADA À E L2 Td c LUBRICATION Rr 
and Switzerland t 
WM. COULTHARD & CO. Ltd, 


Carlisle Eugions sole Isi » Te oe) of Really 
agents for England, most European countries, India, Aus- 1 
tralia, and New Zealand D D AIR TOOLS 


Propuct ENGINEERING NOVEMBER, 









contin 





Radiation Dete ecting Instrument For Large Samples 


Ihe radioactive-sensitive element in 
the new model AH-2 gammometer, as 
all the instruments in the linc, is a 








| illy designed cell which converts 
radioactive energy directly into electri- 
energy. Use of this cell eliminates 


the need for a high voltage power sup- 









ply, and only one vacuum tube is re- 
juired. Samples may be placed in a 
well within th ll, minimizing ge- 
try error and permitting the 
asurement of much larger quantities 
of activity than when slides must be 
prepared, resulting in maximum pre 
on. Ihe instrument eliminates the 





d tor involved computations, as it 





lirect reading in mucrocurtes 

[he instrument is said to be well 
applicati 
or solid samples must be used for 







1 to ms where large liq- 
curate radiation measurement. Th 


" sample well in the cell of the gan 















momceter isures 26 in. in diameter 

y in. in de pth As it will accom 

iodate samples having volumes up to tance from the cell and instrument and accuracy is plus-or-minus 2, 2, 
10 lliliters, 1 microcurie range can response is used with each instrument percent of full scale respectively. Fo: 





used to measure concentrations of | to aid in the measurement of radiation measurement of ambient field intensit 










s tivity down to 5 x 101° curies per from an external source. The instru- the gammometer is available calibrate 
: liliter. Ranges of the instrument ment is available calibrated in terms of in milliroentgen per hour. 

P) re 1, 10, 100, and 1000 microcuries radium (standard),  cobalt-60, or 
: full scale. A calibration curve giving 10dine-131. Precision is better than Obeas Corb. 2594! Geant 
) the relationship between source dis plus-or-minus 1 percent of full scale, Cincinnati 58, Ol 


Low-Voltage Vehicular Bypass Capacitors 


new line of hermetic ally sealed 
orrosion-resistant capacitors for radio- 


















a s 
a rer uppression on th low- 
= jtag elect al systems of military 
hicles. and portable gasoline-d 
nici and portabic gasolinc-driven 
ower plants, has been designed to 


t Army Specifications 71-1667 and 
Ordnance Draw ng DQBX!1 Known 
type 131 J, these metal-encased 
ors will withstand shock and vi 
ation as well as atmospheric moistur: 
| | value S Oo 
1.25, and 0.5 mf are avail 
ft-hand 


mounting brackcts, end Drackets ofr 












without bra ke ts 

Extended foil (non-inductive ) 
pacitor section ind a short direct | id 
between the ungrounded foil and its 


heavy terminal assure minimum r-f 






impedance and maximum bypassing 
efficienc y Terminals are fitted with 
Sems fastener screws with captn 


toothed-lockwashers for connection Sprague Electric Co., 195 Marshall St.. North Adams, Ma 
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Wide Range Differential Voltage Indicator 


new indicator, designed to n 
lifferential voltage, as well as am- 
pressure, and other 
which can be converted to 


ge, is basically a 


IC d5-* 


speed, 
tities 
high-resistance 
sion voltmeter containing an clec- 
amplifier, sclf- 
ncing high degree 
stability and freedom from drift. It 
apable of 0.001-30 v 
fferential of two input voltages rang 
from 1 to 400 v, providing they de 
differ by more than 300:1. The 
trument can be full 


0.022 


and features a 
circuit with a 


measuring a 


set to indicate 


ile for voltages as smal! as 
Its. The can be marked in 

its, amps, Or tect per minute 
l sed with standard acce 
a recorder, indicating instrument, or 
larm relay, the differential voltage in- 
tor will record deviations at a point 

ote from the installation. 

In operation the two input voltages, 
e difference is to be measured, ar« 
ted across to 


voltage 


scale 


SSOTICS, SUC h 


precision, resist- 
As these volt 
dividing resistances are ordinarily 
ry large, the current drain on the 
oltage source is small. A small por- 
of the input voltage is taken from 
the voltage dividers and balanced 
gainst a similar voltage from thc 
her voltage divider. The difference 
tween these two small 
implified and read on a milliameter 
When comparing two voltages which 
ire normally equal, the two voltage 
lividers are adjusted to the same resis 
tance value. However, when compar 
ng two input voltages that are not 
normally equal, the two dividers 
idjusted to unequal ratios 


dividers. 


on 


voltages is 





continued 





New Multi-Turn Slide Wire Potentiometer 


Designed for applications requiring 
gh resolution with angular shaft dis 
placement up to 3600 deg., the new 
otentiometer known as the spiralpot 
ay be used on computers, servo-con- 
trol, and similar devices. The electrical 
itput is exactly proportional to the 
tube shaft position with the brush 
raversing the length of a 
ire as the shaft is rotated. 
The multi-turn slide wire potenti 
meter has such features as: small 
ze (1.61 in. long x 1 dia 
w noise level; unlimited (zero incre- 


resistanc 


RODUCT ENGINEERING - 


- NOVEMBER, 


ment) resolution and low torque; plus 
higher resistance ranges than are us 
ually found in slide wire potentiom: 
ters. It also has the ability 
stand 50 G steady state acceleration 
any axes; positive mechanical 
stops that will hold up to 500 oz.-in 
torque; a shaft mounted in ball bear- 
ings; and close concentricity 
and the 
synchro-typc 


to with- 


along 


between 
the shaft surface 
with <4 

The 
in a range 


values from 


mounting 
mounting. 
spiralpot unit is available 
of five standard resistance 
500 ohms to 2500 ohms 


new 


in 500 ohm ents. Gi 


incren 
ity 1S possil le It can 
tions during 10 G sinusoida 
10 to 100 cps in all 
10 G in selected axes up 
and functions mechanically i 
tures trom $5 to -1-71 Q 


) 


0Z.-1n 


trom 


ot torque 
can dissipate up to 2 
Weighing only 4 
minimum 
over a million 


watts 
oz., thi 


backlash 


G. M. Gi 
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The radioactive-sensitive element in 
the new model AH P - gBammonmmetc r, as 





all the instruments in the line, is a 
specially designed cell which converts 
radioactive ene rgy directly into electri- 
al energy. Use of this cell eliminates 
the need tor a high voltage power sup- 


» and only onc vacuum tube is re- 
red San pl 5 may i placed in a 
Nt " within the ll, minimizing ge- 


ometry errors, and permitting the 
asurement of much larger quantities 
of activity than when slides must be 
prepared resulting in maximum pre- 
on. The instrument eliminates the 
ed for involved computations, as it 
lirect reading in. microcuries 
[he instrument is said to be well 
d to applications wherc large liq- 
uid or solid sam] les must be used for 
accurat radiation measurement The 
sample well in the cell of the gam- 
mometer measures 2% in. in diameter 
by 5 in. in depth. As it will accom- 
modate samples having volumes up to 
00 milliliters, 1 microcurie range can 
used to measure concentrations of 
tivity down to 5 x 107° curies per 
m nillil liter. Ranges of the instrument 
are 1, 10, 100, and 1000 microcuries 1 
full scale. A calibration curve giving 


the relationship between source dis- C 
, Low-Voltage Vel M i 








A new line of he rmetically-sealed / 
orrosion-resistant ca] acitors for radio- 
terference suppression on the low- 


voltage electrical systems of military 
vehicles, and portable gasoline-driven 
power plants, has been designed to 
t Arm y Spe ifications 71-1667 and 
Ordnance Drawing DQBX1. Known 
; type 131 J, thes: metal-encased Ca- 

itors will withstand shock and vi- 
ration as well as atmospheric moisture 


I 


1 salt spray. Capacitance values of 
01, 0.1, 1.25, and 0.5 mf are avail- ( 
ible with either right- or left-hand 
mounting brackets, end brackets of 


without brackets 

Extended foil (non-inductive) ca- 
pacitor sections and a short, direct lead 
between the ungrounded foil and its 
heavy terminal assure minimum r-f 
impedance and maximum bypassing 


efficiency. Terminals are fitted with 
Sems fastener screws with captive 
toothed-lockwashers for connection Sprague Electric Co., 195 Marshall St., North Adams, Ma 
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; Wide Range Differential Voltage Indicator 


“i A new indicator, designed to meas- 
e differential voltage, as well as am- 


" 


\GES 
SING 





tiometer 


wm increments. Good li: 
sible. It can n | 

ng 10 G sinusoidal vibratior 
to 100 cps in all ax a 
selected axes up to 200 cps 
ions mechanically in te mpera 
n —55 to -+71 C. Less thar 
of torque is required, and it 
ate up to 2 watts at +71 CQ 





x only 4 oz., the unit ha 
backlash and iS Sal | to la [ 
— ———————— ase nue  opuraapum unu i» avauapac — Ovcr a million revolutions at 200 r 
size (1.61 in. long x 1.75 in. dia): in a range of five standard resistance 
Mr. ow noise level: unlimited (zero incre- values from 500 ohms to 2500 ohms 6G. M.G ( Pasad ( 
6 CONTINUFD ON PAGE 216 
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NEW COMM TOW EWTTS MATERIALES AND PARTOS s o o CUNN 





Direction And Zero Indicating Contactor 


A new direction and zero indicating contactor operates as 
at speeds as low as 4 rpm and over 5000 rpm, in tempera- dor: pen Midi mec. 
tures between —20F and+-250F. Ratings are from 4 amp : -.Hu ow 
to 10 amp. at 110 V. a-c, and construction is all metal. A 
small compact unit, it can be mounted in any positon. It is 
i self-lubricating, hydraulically driven mechanism, with 
magnetically actuated contacts 

Applications include: indication of shaft rotation and 
direction of rotation; prevention of stationary controls from 





operating while parts are revolving; controls on conveyors ; 
to interlock motor starters for protection against back spin; 
to prevent reverse powcr from being applied to a motor 
until a complete stop is made; used in conjunction with 
counting devices to indicate the number of stops and starts 
of equipment; and is used as a time study device for run- 
ning and down time on belt or clutch driven devices. It also 
may be used as a plugging switch. Adjustable models are 
available for cut-in, and cut-out speeds to 100 rpm 





Winterburn Mig. ¢ P. O. Box 386, Putnam, Conn. 





High Sensitivity Synchronous Inverter 


A synchronous inverter, having a sensitivity of 0.05 
microvolts and a dissymmetry of less than 4 of 1 percent is 
capable of converting low-power d-c signals, as low as 0.05 
microvolts, to alternating voltages that can be amplified 
and applied to electronic, electrical and servo systems. 

Called the syncroverter switch, it will operate at any 
frequency from zero to 3500 cycles, and is designed for 
precision use in electronic computors, instruments, gun 
directors, null detectors, and other similar missiles. Opera- 
tion and length of life are not affected by vibration. 

Errors duc to thermal emf are eliminated by the use of 
two single-pole double-throw contacts. The contact-carry- 
ng armatures are of such low mass that their mechanical 
response is said to be almost instantaneous. The inverter 

free from resonance effects, and is hermetically sealed 





The Bristol Company, Waterbury 20, Conn. 





Non-Leaking, Self-Closing Push Valves 


A new self-closing push valve is used in gas and air lines 
where manual control of an intermittent flow is required, 
and where there must be no leakage through the valve or 


being sealed by neoprene O-rings. On a test, the val 
showed no leakage after 1,000,000 cycles of operation. 
This valve is available in two styles: model PV, mount 
around the valve stem. Typical applications include use ing on panels of any thickness up to 44 in., and model 
with hydrostatic gages and other instruments requiring a LV for the in-the-line mounting. Inlet and outlet ar 
manually-controlled blast of air; use with single-and mul. tapped for 1 in. pipe, and direction of flow is shown by an 
tiple-pressure test stands; blowing out or purging of gas or arrow. Discharge rate is 25 to 30 cubic feet per minut 


air lines; and use with processing operations needing an ata pressure drop of 100 psi. Overall height of the val 
occasional shot of gas or air. is 3 in.; thickness is one in.; length (line of flow) is 1} 
The valve is opened by pressing a knob on the valve 


j inches. It may be used at any pressure up to 150 psi. 
stem, and closes automatically when the knob is released 


It has no compression packing and requires no adjustment, King Engineering Corp., Ann Arbor, Mi 
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Draftsmen work better, 


faster with this machine... 


By holding spindles absolutely rigid and keeping 
motion friction-free, Fafnir Ball Bearings contrib- 
ute much to the vernier accuracy and effortless 
action of the Universal "Boardmaster". The ulti- 
mate results are more accurate sketches, layouts or 
detailing and “on the nose” template work in faster 
time ... so important when good engineers and 
draftsmen are scarce. 

At three pivot points, pairs of extra-light, com- 
pact single row, Fafnir Ball Bearings give finger 
touch ease of movement without a trace of play. 
At the "centralized control unit", a large diameter 


? ww 6 


Standard Wide Inner Ring Plya-Seal Type 
Radial Ball Bearings Bearings 
Bearings with Mechani-Seals 
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PHOTOS BY COURTESY OF THE UNIVERSAL DRAFTING MACHINE CORPORATION 


Fafnir Bearing is used together with paired, pre- 
loaded and pre-lubricated Fafnirs. Six of the seven 
Fafnir Bearings used are Plya-Seal Type, which 
prevent lubricant leakage, keep out contaminants, 
and are lubricated for life. 


The faculty for providing custom-made types of 
bearings out of stock . . . from the most complete 
line in America . . . makes Fafnir the first source 
consulted by leading manufacturers. Maybe you 
can solve bearing problems this easy way. The 


Fafnir Bearing Company, New Britain, Conn. 





Automatic Process Control by Light Measuremen: 


Adaptable to all types of industry, 


in instrument known as a precision 


light-comparator is being used to im 

prove methods of automatic processing 

and control. Built around a photo 
ultiplier, a flicker photometer optical 

ystem, and an electronic system, th 
trument will opi rate 

or thousands of hours without zero or 
itivity drift 


Known as colorede, the 


continuously 


f 


unit is dé 
d as an assembly of sealed build- 
block to permit 
irious combinations to fit particular 
asuring purposes. In most applica- 
tions, the electronic unit, the photocell 
nit, the flicker unit, and the 
unit are used in standard form. 
beam-splitter and illuminator units 

be one of standard ar- 
rangements, or assemblies designed for 

cific uses 


units, arranged 


servo- 


several 


Fhe instrument may bi 
device, 


ope rated as 
providing a d-c 
oltage of up to 1.0 v for one percent 
full scale relative brightness difference 
sam) 1 standard. An 

service is the use of the 
en slit as a direct quantitative 
with 
inical actuation or electri- 
ssion operated from 
geared to the 
signal may b: 
standard 


direct signal 
and 


| rightne $8 diff rence, 


ial. transmit 
ut shaft 
The d 


: í 
peration 01 


SCrvo 

used for 
re corders, 
The 
used 


comput r systems for complex 


crvo devices 
o operated shaft drive may b 


} 
i 


ontrol functions 
l'ypical aj pli itions include: the 
ording or process control through 
of chemical color indicators, 
control or indication of the color 


solid prod s; the meas 


tst 4 


"wt 


} 1 L3 
and control of thickness oO 


oatings; automat 


try; and in printing; photography; 
ceramics and other industries. 

Shown in the illustration below left 
unit, consisting of the 
beam splitter unit, the slit system, the 
flicker unit, the photocell unit, the 


is the main 


mounting place, and the data asseml 

Slightly to the right is the illuminat: 
unit. The clectronic assembly is show 
in the illustration at top. 


, 163 Hi 
94, Ma 


Positive Indication of Air Line Moisture 


vith moisture-sensitive 
ind has end plates tap- 
In operation, it is 


line between thc 

point at which the air 
granules stay blue as long 
indicator is dry, 
and turn pink when it contains mois- 


supply and the 
;used. Th 


s the air leaving the 


ture or water vapor 
Four tie rods 


against d 


protect the cylinder 
image and permit disassembh 


Propuct ENGINEERING - 


for recharging with dry granules. A 
units with the glass cylinder are test 
at 100 psi pressure Moisture indi 

tors with dear plastic cylinders can 

furnished for higher pressures. Ox 

all dimensions are 5 in. long x 2 
square 


K Engineering Ann Arbor, Mic 
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Carbon Pile Regulator 


Wing Actuator 
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Motor End Frames Gyrol Fluid Coupling 


FROM T 


Torque Converter 


Steel-Belted Piston Alternator Housing Diesel Permanent Mold Piston 
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Air Connectot Launching Barrel for Bazooka 


For many years the foundry of Thompson's Light Metals Division quietl, 
cast thousands and thousands of hard-to-make precision parts in light alloys 
of aluminum and magnesium for customers in the automotive and aircraft fields. 


Then word got around in other industries that Thompson had the experi- 
ence and facilities to cast light-weight, strong, heat-resisting alloy parts in 
permanent molds and high pressure dies—which eliminated the weight 
problems of ferrous counterparts. One by one manufacturers of widely 
different products came to Thompson for helpand advice when they learned that 
the close tolerances achieved by Thompson cut machining and finishing costs. 

Today, our capacity is channeled to top-rated jobs. We're building additional 
facilities as fast as possible and, in the meantime, Thompson services, as 
always, are at your command. Our entire staff of creative engineers is ready 
to help you plan new parts or re-design old ones for the future. 


e p p; e ane 
x £ A SK OD CU 
x Yes BOR » 


» * 


Thompson Products, Inc. 


2269 Ashland Road ° Cleveland 3, Ohio 
h LIGHT METALS DIVISION 
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Demodulators For Transducer-Servo Systems 


Three new demodulators m been designed for rectify- 
ing an a-c signal, generated | a transmitter for pressure, 
flow, thickness, weight, or ahaa into a d-c signal 
that may be fed into a D'Arsonval type d-c meter or poten- 
tiometer type instrument of the indicating or recording 
Vari ty 

The 6101A and the 6101B type demodulators are de- 
signed to operate into any D'Arsonval type meter of the 
proper type and range This unit has a single electronic 
tube rectifying circuit designed for continuous service. The 
model 6101C demodulator, shown in the illustration, is 
designed to operate into any existing potentiometer typc 
rccording or indicating instrument. This type incorporates 
a chopper circuit for changing the a-c input signal to the 
d-c output signal 

The types 6101A and 6101B demodulators have an out- 
put that is linear to within +2 percent of full scale range. 
W hen it is necessary to obtain greater accuracy, the meter 
used with the demodulator can be calibrated to the output 
of the demodulator, and the accuracy obtained will be de- 
termined by the accuracy of the meter used. The output of 
the demodulator varies slightly with changes of line voltage. 
This effect can be reduced | by placing a constant voltage 
transformer in the line supply 

The type 6101C vibrator-type will reproduce an output 
that is directly proportional to the input signal. The ac- 
curacy of this unit when used with a differential trans- 
former, will depend on the linearity of the transformers, 








resulting in an accurate measuring system. The meters a: 
only 4 in. sq., designed for flush mounting and displa 
ment for full scale travel. 


Control Co., 
, Philadelphia 44, P. 


Automatic Temperature 
5200 Pulaski Ave 


Direct Reading, Plug-In Counters 


These decimal counting units are direct-reading, elec- 
tronic counters capable of operating at speeds up to 1,000,- 
000 counts per sec and resolving paired pulses separated 
by as little as 0.8 microseconds. Each counter is a plug-in 
unit designed for easy replacement, and simplification of 
maintenance problems in high-speed counting equipment. 
These units of the same oa | designation are completely 
inter hange able 

The decimal counting unit counts from 0 to 9 and pre- 
sents an illuminated numerical reading on the front panel. 
No interpolation is necessary. The tenth pulse resets the 
counter to 0 and simultaneously generates one pulse, which 
may be applied to the input of a following counter or other 
device. Reset to 0 of one or more units is accomplished by 
momentarily opening the grid return circuit. The counters 
may be connected in cascade indefinitely to create an elec- 
tronic counter or scaler having any desired number of 
decimal places 

Standard plug-in mounting permits removal of the entire 
unit for inspection. The models 700A and 705A use the 
octal plug and the models 706A - 707A the 11-pin plug. 
With thc exception of the model 707A, the components of 
all the counters are mounted in a plant molding 

Ín both the model 700A and the model 705A, four 
binaries are connected in cascade, making a scale-of-sixteen, 
which is permuted to a scale-of-ten by two resistor-capacitor 
"feedback" networl Maximum counting rate of these 
models are 40,000 ind 100,000 cps respectively 





220 





Both of the models 706A and 707A consist of a fou: 
stage binary scale-of-sixteen that is permuted to a scale-o! 
ten. Permutation is obtained by adding 2 counts and sul 
tracting 8 counts through a system of diodes used as inter 
stage couplings and clamps. Maximum counting range o 
these models are 350,000 and 1,000,000 cps respectively 


Berkeley Scientific Corp., 2200 Wright Ave., Richmond, Cal: 
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finishing rouli ! 


How a finish—or finishing system—adapts itself to the 
practical requirements of commercial production is just as 
important as how it performs on the finished product. 


This is one of the important advantages buyers get with 
such production-proved Sherwin-Williams finishes as those 
listed here. They not only better fit the specific needs of the 
product to be finished, but of the production line as well. 


If your production involves the finishing of furniture or 
wood products of any type, it will pay you to investigate the 
"shortcuts to surer results"—both in methods and materials 
—described in these new Sherwin-Williams brochures. Write 
for those applicable to your problems. The Sherwin-Williams 
Co., General Industrial Division, Cleveland 1, Ohio. 


THE SHERWIN-WILLIAMS CO. 
General Industrial Division + Cleveland 1, Ohio 


Please send Brochures checked below. 

C) K-101—KEMVAR — A new L] T-103 — TV LACQUERS — Ex- 
advance in high resistance, tra-flexible, tough, mar-resist- 
heat-converting finishes for ant moterials in service on 
fine furniture. leading makes of TV cabinets. 

[]H-102 — HEETCLAD LAC- L] H-104 —HOMOCLAD-—A to- 
QUERS — Materials and sys- tally unique sealer and system 
tems for use with modern, with highest properties of 
cost-cutting hot spray methods. bonding and moisture sealing. 


NAME 
COMPANY. . 


e SHERWIN-WILLIAMS 


Swsnwin- WiLLIAMS | Qe 


INDUSTRIAL RESEARCH 


INDUSTRIAL FINISHES 
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COMPONENT T] 


r clutch 


A magnet 


powar 


í mad 
LOrincriy 


l only in aircraft, is now available 


for commercial and industrial us 


} 


, and 


ias Deen aj plication tested for usi on 


dynamotors gencrators, ma 
rsing Ir1iVC5, SCTVO!I 

iriaDi pt d drives 

Ih 

is an iron powdered mixture contained 

within the | 


powd r clutch control medium 


air gap spat bctwccn two 
ignetic surfaces. The clectro-magnet 
with its. exciting. coil. constitutes. th 
driving member, while the drives 
ember consists of a low-inertia drag 
uj concentrically located in the 
gap. As the clutch coils become en 


field 
ap; the divided iron 

magnetized, 
together and exert a drag on th 
the 
ing member. The drag is proportional 
to the applied excitation, but is 
pendent th relative speed 
driving and dr 


vized a 


magneti is established 


through the air-g 


particles become bind 


cuj 


in the direction of motion of driv 


ind 


ol | dà ol th 
iven member 


Iwo such 


clutch 


cups g ared to a com 


countcrrotating 


with their drag 


mon output shaft, produ a torque 
proport onal to the differential excita 
tion of the two clutches. The direction 
of the tor juc 1s d pendent on which 
lutch has the larger excitation 
Clutches of this typ: have been built 
having torque-to-inertia ratios as high 
500,000 radians /se and power 
tings of 25 in.-lb at 2,000 rpm for 


i weight of one pound 
The 


clutch shown in the illustration 






An 8 ft. dia 
been added to a 


model C g-Accelerator 
line of 
ices and is similar in arrangement 
and operation to the smaller 56 in 
dia. model B. The unit 


has optical, 
pneumatic, and electrical systems con 


bined for testing aircraft and guided 
missile components of a larger siz 


than has been possible 


The object to be test l is sS If ] 
rotating arm, and 
securing a similar 
1 El: tr! | 
ons are carried 


mounting through slip 


f 
rings and a rotary air gland 


MATERIALS 


Sensitive Magnetic Powder Clutch 


is used in servo actuator systems for 
aircraft and has overall dimensons of 
'.104 in. x 2.229 in. in diameter. At 
present the clutches are produced in 


the 1, 2 and 2} in. size. 
Since the powdered iron is not 


mixed with any liquid, there is no 
problem of leakage or of poor starting 
characteristics at low temperatures. 
Also, the clutch may be operated at 
temperatures up to 250 F. 


11916 W. Pico Blvd., 
É Angele 64, Calif. 
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CLUTCH CONTROL CURRENT vs STATIC TORQUE 


(Torque ot o 


* Output shoft 





Clutch control 








New Accelerator For Testing Larger Components 


object can be seen as if stationary, 
rcgardless of rotational speed, through 
a telescopic optical system, permitting 
close observation of the part. 

Similar to the smaller 56 in. diam- 
eter models, an indicating tachometer 
and a precision timer, combined with 
a solenoid-operated rpm counter, meas- 
ured speed with sufficient accuracy to 
determine G-loadings with an error of 
less than 0.1 percent, dependent upon 
the time interval chosen. 

All controls terminate at the operat- 
onsole which contains a built-in 
rsion chart for rpm, radius of 
gyration and acceleration. 

With the object mounted 


ony 


in. thc 
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— With quiescent current 


rotation facing of ima dc | 
shaft end === Vo quiescent current 
I | 
n € 4 2 O 2 4 € 8 10 


Current- mo dc 


ad 





center of the 24 in. square platform, 
precisely controlled speeds, adjustab! 
from 5 to 280 rpm and developing 
normal acceleration forces up to 75 G 
are readily attainable. An important 
feature for routine production testing 
is the ability of the machine to retur 
to a preset speed by use of the start 
ing switch only. Time to reach full 
speed from standstill is 30 second 
The maxiumum capacity of the test 
object is an 18 x 18 x 24 in. volun 
up to 100 Ibs. The maximum accelera 
tion force is limited to 2000 G-Ib: 
100 Ibs at 20 G—40 Ibs at 50 G. 


Genisco, Inc., 2233 Federal At 
Los Angeles 64, Cai 
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Reducing machine 


floor space and 
opercting cosf 


pulsations, vibrations, 
and shock 


Holding work securely 3 
for long periods P. 


2 
LJ 
x 
Lj 


Reducing size, cost, and power 
requirements of machinery 


-— li 


Furnishing emergency 
power when 
pumps fail 


Above are but a few of the hundreds of 
valuable functions performed by Greer Accumu- 
lators. Greer Bulletin 301 is packed with data, 
diagrams, and illustrations showing how Greer 
Accumulators have increased the efficiency and 

dependability and reduced 
the cost of various types of 
power-driven equipment. 
Send now for your free copy. 


GREER HYDRAULICS, INC. 
458 Eighteenth Street, Brooklyn 15, NY. 


Sales Representatives in Principal Cities 
District Office: 407 So. Dearborn St., Chicago 5 
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Saving labor by 


remote control operation 


AU 


starting engines 


Magnifying power 
for intermittent 
duty systems 


ACCUMULATORS 
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Light, Compact Motor 
Operated Gate Valve 


A new motor operated gate valve is said to be one of the 
lightest and most compact ever developed. A new method 
of manual over-ride, as well as a complete elimination of 
rubber or synthetic rubber, are also important features in 
this valve. Designed for aircraft use, the manufacturer 
claims that the new valve will have applications in other 
industries 

Ihe elmination of rubber and synthetic rubber was ac- 
complished through the use of teflon. This material was 
used for its high fuel resistance. All seals are spring loaded 
and confined, where necessary 

One of the features in this valve is its limit switching 
arrangement which makes it impossible for the valve to stop 
in mid-position, climinating many possible operating fail- 
urcs. It has no limit switch adjustment, and the switching 
operation is said to be foolproof. This design also makes 
possible a manual override which completely bypasses the 
motor and gear train, and requires no more operating torque 
than a manually operated valve of equal size and equal 
operating pressure 

The valve operates with all aircraft fuel, engine oil, 
hydraulic oil, alcohol, water, air, and gas. It has an oper- 
ating time of one second maximum and operates at a voltage 
of 18- 30 d-c. Its proof pressure is 200 psi. It works at 
65 to 165F, and at a pressure of 0 to 65 psi. The flow can 
be in either direction 

Over-all dimensions of the new unit are 5 in. in height 
and 4% in. in length. The thickness ts 1,5, inches 


A new type of nylon-lined bearing consists of a thin, 
drawn steel outer sleeve and a free floating liner of FM 


10001 nylon. They are called standward thinwall nylined 
carings, and arc available in ten sizes ranging from 1 to 
11 in. LD | 
Ihe thinwall nylincd bearings were developed to pro- 
de bearings of resilient. material. which. resist poundout, 


decrease friction, permit dry operation, damp mechanical 
ibration and minimize abrasion failures. They are corro- 
on resistant and can be operated submerged in most liq- 
uids. These light weight bearings are suitable for close fits 
and are said to give a longer life with less maintenance in 
most applications than the ordinary molded or machined 
nylon bearings that have limitations due to the clearances 
required to allow for expansion 
The nylon liner, which is a replaceable bearing surface, 
has a spiral compensation gap which serves a dual purpose 
It compensates for dimensional changes in the circum- 
ference due to expansion and contraction which would 
otherwise cause fluctuations in the bore diameter. In ap 
plications where lubrication is required, this gap also serves 
to distribute lubricant in an axial direction as it connects 
with the center circumferential lubrication slot which | ri 
cives lubricant through the hole in the outer sleeve 


Propuct 
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Inc., 


Nylon Liner In Bearing Is Replaceable 


Inc., 





Burbank, 


Manhasset, 
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another case where welled steel tubing does the job better 
| Å 


ELECTRUNITE Steel Tubing made this farm equipment 
better at lower cost... 


it can do the same for you. 


Unnecessary dead weight was lopped off in hundred-pound 
chunks without reducing strength when a leading farm 
implement manufacturer designed his line to use Republic 
ELECTRUNITE Steel Tubing at every possible point. 
Strength and shock resistance were increased because 
Republic ELECTRUNITE Steel Tubing provided maximum 
strength per pound of metal over ordinary conventional 
shapes. Troublesome torsion and weaving of implements 
on rough ground was cut drastically . . . useful life of the 
implements was greatly lengthened, and maintenance 
reduced. 

Does this give you some ideas about yowr product . . , 
whatever it may be? Republic ELECTRUNITE Steel Tubing 
can keep your product strong yet make it lighter, make 
it better at lower cost, more attractive to the man who 
uses it...and who buys it. We'd like to tell you our ideas; 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBIS DIVISION 
224 EAST 131st STREET © CLEVELAND 8, OHIO 


% FREE BOOKLET—Write for Booklet 

wy SS SPD-52...contains data and case 

BES we bistories on ELECTRUNITE 
ELECTRUNITE TUBING Tubing applications. 
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Rotating Limit Switch For Rotating Parts 


A rotating limit switch to limit the travel of rotating 
parts of machines or equipment such as electrically operated 
doors, hoists and valves, co-ordinates reversing operations 
with the rotation of the motor shaft, or other operating 
shaft, to break contact, the timing of which is governed by 
a preset number of shaft revolutions. 

The mechanism consists of two separate switching units 

ach operated by a cam. These cams engage with contact 
| arms to open or close a circuit for each end of travel, and 
are mounted on cither side of a die-cast gear which is driven 
by a worm gear attached to a shaft operating through the 
switch case. The switch may be adjusted to open either of 
the two normally closed contacts with the rotation of th« 
operating shaft by changing the relative positions of the 
cams. One of the cams is spring-loaded and equipped with 
an indexing pin which snaps into any one of 32 holes in the 
year body on which it is mounted. Fine adjustment is then 
made by the contact adjustment-screw, after the positions of 
the cams has been set, so that the switch will cut off at the 
desired instant. The overall size of the case including the 
brackets is 61 in. high, 43 in. deep, and 53 in. wide. 

The switch is rated at 5 amp; 110V a-c, or 1.5 amp. 22V 

c; d-c with a 0.5 mfd condenser: 0.2 amp 115V d-c, 0.1 
amp 230V d-c. Max turn of the drive shaft is 34, min. 2 Fu 





1050 McKee Street, Batavia, | 





Multi-Speed Transmission for Heavy Applications 


hree new models of multi-speed power units for heavier 

horscpowcr applications, models 2004. 3004 and 5004 

transmissions, are available in ratings up to 60 H.P., making 

| them adaptable to a wide range of heavier applications. 
Ihe units may 





be used wherever it is necessary to vary the 
turning speed of electrically-driven equipment or ma- 
Many installations are in connection with internal- 
it is advantageous to run the 
ngine at a constant speed and vary the output speed with 
the multi-speed transmission 

While all transmissions are 


i selection of 


hinery 


oml ustion cngines whe re 


wWailable in four spec ds, with 





different speed ratios, some models can be 
supplied with six and nine speeds 

A feature of the transmission is the availability of two 
different type mounting brackets. The type RMB is a verti- 
al mounted arrangement with the motor mounted on a 
hinged plate directly over the transmission. Type H-Beam 
nounting is the motor mounted in front of or behind the 
transmission. The motor slide rails on the H-Beam have 
both lateral and longitudinal adjustment to accommodate 
s and belt take up. Output shaft can 





be left or right, forward or rear. For further information 
on these and other types of transmissions write to th 
manufacturer. 





liffcrent motor framx« Turner Machinery Co., 3415 Terrace Street, Kansas City 8, M 





A NEW PUSH BUTTON SWITCH, added rubber case. 


to the line of waterproofed switches 
opens and closes electrical circuits un 
derwater, and is said to function per 
fectly from 65 F to 165 F, and 
withstand salt spray, shock and vibra- 
tion. The switch has a continuous 
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rating of 10 amp at 15 v d-c, 30 v 
d-c, or 125 v a-c. It is a single throw, 
one circuit switch, furnished either 
normally "open" or normally "closed." 
The switch body is encased in a 
molded rubber compound with water- 
proof lead wires vulcanized into the 


Propuct ENGINEERING 


Overall length of the 
switch is approximately 2 in., length 
behind the mounting panel is approx 

mately 1 inch. Largest body diameter 
is 15/16 inch. Riverside Mfg. & 
Electrical Supply Co., 10228 Michigan 
Ave., Dearborn, Mich. 
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For quicker answers to piping problems 
ED 


e ».»r 


Go to your CRANE Catalog 42* — 77 


Crane offers the world's most complete line of piping equipment. 
But suppose your design requires a certain brass gate valve of 
unusual ruggedness. How would you find it? 

Simply reach for your Crane Catalog and turn to the listing of 
brass gate valves in the index— pages 13 to 21. A quick rundown i 
of service recommendations shows that No. 437 on page 17 is ES 
E 
LE 
f= 


the valve you're after. And right there are all the facts you need 

ry 
= 
— 


—sizes, dimensions, pressure and temperature ratings, plus com- 
plete design, material and construction details. 

Yes, your Crane Catalog is a real time-saver when writing 
specs. But, more important, when you specify Crane piping 
equipment, you specify recognized quality that pays off in terms 
of customer acceptance and satisfaction through the years. 


LOOK TO THE BROAD CRANE LINE I 
FOR ALL YOUR PIPING EQUIPMENT NEEDS A 

















AM p 
GAUGES | ANGLE | 
" |VALVES| 


FITTINGS | | 
= — —— GÀ 
SEDIMENT 
SEPARATORS | 


DETREX Steam-heated Gyro 
Degreaser by Detrex Corporation 
Detroit, Michigan 


FITTINGS 


The Complete Crane Line Meets All Your Valve Needs. That's Why— 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Hlinois 
Branches and Wholesalers Serving All Industrial Areas 
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UNUSUALLY RUGGED 


150-Pound Brass Gate Valve with 
accurately guided wedge disc, 
non-rising stem. Recommended 
for service on steam, water, oil 
and gas lines where extra strength 
is required. Tight stem seal as- 
sured by high quality stuffing box 
GATE packing and gland; can be = 
packed under pressure. Sizes ⁄4 

VALVES to 3-inch. Also available with ris- 
ing stem, screwed or flanged ends. 


HEATING 


Á 











NEW COMPONENTS—M 







A compact new high-vacuum conversion pumping unit 
of large capacity for use with conventional rotary exhaust 
machines in the electronic tube manufacturing industry has 
been designed specially to evacuate standard electron tubes. 
However, it can also be used to pump other relatively small 
volume containers such as hermetically sealed relays, vials, 
instrument control elements, and vacuum condensers. For 
evacuating larger volume vessels or when back-filling opera- 
tions are desired, a modification of the new unit will permit 
small solenoid valves to be used. This permits the inclusion 
of a “roughing” stage in the cycle, reducing pump oil de- 
terioration and loss, and providing a simple means for 
introducing measured amounts of gases into the vessel. 

Since the new MB-10 pump, valve and port assembly has 
a high forepressure tolerance of 400 microns, this eliminates 
the need for major conversion changes in installations of 
this new equipment. The pump will operate through most 
standard sweep and sliding valve combinations. 

The pump operates at a pumping speed of 10 liters/sec. 
between 0.1 and 10.0 microns HG. It also offers ultimate 
vacuum of 5 x 10° mm HG which gives a wide perform- 
ance range for overall flexibility of application. 

The jet assembly on the pump is of such design that it 
may be easily disassembled for cle aning by turning one 
thumb nut, reduc ing cleaning problems to a minimum. 

The need for air electrically operated valves to control 
the evacuation cycle through the “tube loading” and 
pumping" stages is eliminated with this new equipment by 
positive action of the mechanically operated valve assembly 
which is specifically designed for small vessel application. 


Distillation Products Ind. 





Rochester 3, Neu York 





A new line of adapters have been developed to permit 
convenient interchange of equipment between various wir- 
ing devices without the usual changing of plugs and jacks to 
meet different situations in various equipment. 

No. 342 adapter with a dual-purpose binding post banana 
jack input has a standard phone plug output. The binding 
post also accommodates the standard banana plug; standard 
pin plugs can be inserted through the binding post. 

No. 346 adapter accommodates standard pin plugs 
(only) to the conventional phone plug. 

No. 332 adapter has a standard phone jack input with a 
female microphone connector output. No. 334 is similar to 
No. 332 but has the phono connector input. 

No. 336 adapter with a phone jack input and a phono 
connector plug, output makes convenient to connect a 
microphone with a phone plug into an amplifier with 
phono connector input. No. 338 is similar except for the 
microphone connector input to the adapter 

No. 334 plug adapter permits the connecting of con- 


nector plug into a conventional phone jack. 

The new shielded jax CN-12A is the standard littel-jax 
made by this company, with a shield, assembled and made 
a part of the jack. After the leads have been soldered to the 
jack terminals, 


the cover snaps into the mating housing. 






ATER I 


Pump, Valve, And Assembly For Vacuum Pump 


Adapters Speed Wiring and Equipment Change 














ALS AND PARTS... . testis 
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This n may be used where it is necessary to usc à 
phone jack in a high impedance circuit. 
The finished housing of the shielded jax is 1 in. dia x 1j 
n. deep. The overall lengths of the adapters vary depend 
-: on the input and output connectors attached to ends o! 
the basic housing. 


Switchcraft, Inc., 1328 N. Halsted St., Chicago 22, Il 


“> 
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REPLACING A HUB ON A GEAR . . . Roll- REPLACING A MACHINED PIN... Inthe | REPLACING A HEADED PIN . . . In this | 






















pin, self-retained in shaft, is simply lubrication pump assembly of the hinge pin application, Rollpin is sim 

snapped into molded slot to position Cummins HR-400 diesel engine, two ply and inexpensively driven in place | 
sintered gear. This application, by Rollpins are used as positioning dow greatly reducing assembly costs. Cor 
Ditto Inc., effects major savings in as- els. Rollpins are self-retaining in pro- stant spring tension holds Rollpin 

sembly. Rollpin’s high shear strength duction-drilled holes ... quick to as- | firmly in place . . . eliminates loosen i 
is particularly valuable here. semble and easy to remove. ing of hinge due to wear 






] 


- 





REPLACING A SET SCREW... Paper | REPLACING A RIVET... Rollpin serves REPLACING A BOLT AND NUT . . . Rollpins 
feed rollers are quickly, economically | as guide shaft for spring-loaded elec- act as fasteners and pivots for the link- 







































pinned to shaft by Rollpins in this of- | trical interlock contacts. The Square ages in this Miller Electric Welder i 
fice machine made by Ditto Inc. Flush | | D Company reports that rivet failure Rollpins may be used with a free fit 
E fit affords neat appearance . . . spring previously occurred at the clinched | in outer or inside members depending 
i ua tension assures positive, permanent end under normal operating impact | upon product design requirements 
My positioning of rollers. and vibration. | 
= 3 * d 
: Rollpins are slotted, tubular steel. pressed-fit FOR DESIGN INFORMATION —fi!l out and mail our cou- 
4 ins with chamfered ends. Thev drive easily pon. If your plans include applications similar to those on 
P -— dii : l le A this page—or clevis pins, keys, taper pins or stop pins—you 
into holes drilled to normal tolerances, com- ant ollitiusbs etlinedüuises bew aodr ids eui 
pressing as driven. Reaming, tapering. extra cheaper Rollpin can do the job. 
; assembly steps are eliminated. Rollpins are 
locked in place by the constant pressure they 
xa z $ É : , E ——— — ——  — 
exert against hole walls. Inserted with an au | Dept. R6-112, Elastic Stop Nut Corporation of America 
tomatic press or by hand, Rollpins are readily 2330 Vauxhall Road, Union, New Jersey 
removable with a drift ar pin punch—and re- Please send me the following free information | 
$ . ° ! on ESNA self-locking fasteners: ' 
se à i usable again and again. j | 
7 | Rollpin bulletin ond sample Rollpins AN-ESNA conversion chart 
l ° T . Elastic Stop Nut Bulletin Here is a drawing of our produc! | 
(da Elastic Stop Nuts with the famous red collar | What fastener do you recommend? | 
nd A a 
TAG i Name = Title i 
5 0 are another ESNA® product | | 
| Firm 
li | Street 
| i 
230 City 
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Remote Hydraulic Positioning Control 


hydraulic 
ing control system designed for a 
curacy and power at remote distance, is 
used in the aircraft 


Hydrotorque, a position 


marine, industrial, 
finery, chemical and railroad indus- 


ries, and will hydraulically position 
valves, throttles, engine speeds, 
winches and brakes, diesel engines, 


metering nozzles and a variety of other 
mechanical devices. The hydrotorqu: 
control system will indicate level, flow, 
static pressure, repeaters, rudder posi- 
tion or te mperature 

The device is a single tube system 
independent of outside energy, and 
features simplicity of principal and 
operation as well as economy in first 
cost and maintenance. Eliminating 
"sponginess", the hydrotorque control 
system gives the operator the “feel” of 
direct linkage, and permits positioning 
within a thousandth of an inch. In ad 
dition it is said that the hydrotorqu: 
system can be used in locations pre- 
viously considered impracticable, in 
cluding conditions of corrosion, high 
heat, and dusty locations 

The hydrotorque transmitters are 


receivers can be supplied 


fl and 


l xil t 
in a variety of combinations and in 

veral variations of meth- 
d ( iil ration OI mad 


mounting 


dials can be 








to read in inches of water, pounds of 
pressure, gallons per minute, up-down, 
or any given designation. 

Hydrotorque remotely controlled 
valves for use in refinery, chemical and 
industrial services are also available to 
any requirements. In bronze, cast iron, 


cast steel, needle or 3 way, they can | 
used where remote operation is d 
sired, and when complete freedon 
from fire hazard is required. 

Far ris 


Hydrotorque Corp., 705 Commercia 
Ave., Palisades Park, N. ] 


Miniature Precision Potentiometers 


A line of pre 


| ision potentiometers 
of the miniaturized computing type is 
vailable as single units or ganged as- 
emi lic 

A cam-corrector which gives con 
tinuous adjustabl advan of contact 


position with respect to shaft position 


i feature of one series of these 
potentiometers 

Th series N potentiometers cover 
lincar windings and those non-linear 


functions 


fitted by tap 
ng and shunting techniques. Series 


which can be 


a cam-corrector which 
makes possible accurate fitting of an 
idditional class of more difficult funi 
Both types may be 
scparatcly or intermixed. 


tions ganged 


potentiometers 1s 24°. in 


I » 418 
dia by 0.328 in. per stacked section for 
series N and 2,5, in. dia by 


size of the 


per stac ked section for series C Sha 
extensions and provisions for ganging 





s 
230 





and assembly with gear trains, syn- 
chros, and other components follow 
current enginecring practice in preci 


sion analog computers. 


Avion Instrument Corp., 
299 State Highway 17, Paramus, N. J. 
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It's a job for a SPECIALIST! 


. and when it comes to produc- production job. You are relieved of 
ing bellows assemblies, that’s a job all production problems and worries. 
for Fulton Sylphon or Bridgeport You save time, trouble and money. 
Thermostat. For we are specialists 
in this field, and have been for 
half-a-century. 


We produce bellows assemblies 
that are used throughout industry— 
as flexible connectors... for thermo- 

Thatspecialized experience can be — static devices . . . expansion joints 
a big help to you—and make savings — .. , pressure controls . . . hydraulic 
for you, too. See how. mechanisms and for other uses. 

We will work with you to design Whatever your requirements, find 
and engineer bellows assemblies out how our specialists can help you 
exactly suited to your needs. Then, X get better results, at low cost. Write 





One of tbe many specialized steps im producing 
Sylphon and Bridgeport bellows assemblies. In tbe a ‘ i 
machine, a bellows tube is ready to be bydraulically we have the skilled personnel and for helpful technical advice—ask for 


formed. Operator bolds a c etely corrugated 


bellows in bis right facilities to take over the complete idea-packed Catalog VP. 








FULTON 
SYLPHON THERMOSTAT 


i DIVISION T $ DIVISION 
1 Knoxville 4, Tenn. EMPERATURE CONTROLS - BELLOWS ASSEMBLIES BELLOWS pence Bridgeport 1, Conn. 
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Larger Multiple Section Stack Valve 


A w, larger j lI it pl section stack valve, suppl 
ny th 2 n tack valy » dcs ened lor serics opcra- 

on, permitting any number ol devices to be actuated 
ultancously under full or \ irying load, provided the 
total load does not exceed the relief valve setting. This 
ikes it poss ble, tor example, to lift simultaneously both 

ls of the blade on a grader, and also pefmit continuous 
ther than intermittent oj ration [hi stack valve is used 


on other road machinery such as: ditching and dredging 
quipmcn excavating machines, in lustrial tractors and 


other tyt ol mo | cquipn 
Known as the S-25 valve, it in orporates pressure scaling 
using O-ring s ils betw nm sections This ty p ot pr E 
ling permits assembly and addition of tions in 
the field, if additional hydraulically operated attachments 
irc used in the machine at a later dat An inlet section 
th an adjustable relicf valve gives the overload protection, 


while check valves in cach directional control section insures 


t 


positive cylinder control under load 


As cach section ts an individual, standard, unit, a valve recommended operating pressure of 1500 psi. Any nun 








issembly or "stack" may be tailored to exact requirements — of sections of 10 or less may be assembled. 


with various inlet, four-way, three-way and outlet sections 
Phe S-25 series is rated for 25 gpm, and a maximum 


Sundstrand Machine Tool Co., Rockford 








Rotary Accelerator for Testing Small Mechanisms 


Having an acceleration range of from 0.1 g to 100 g, 
this new rotary accelerator gives a controlled variable cen- 


trifugal acceleration for calibrating or testing instruments, 
clectron ub-assembli small mechanisms, and other 
lar equ net 
The rotating tabl ı dural disk 16 in. in diameter on 
hich a test object weighing up to 5 Ib may be mounted. 
Mcans for locating a counterbalancing weight is provided. 
Fhe tabl Iriven by a § hp, 3,600 rpm electric motor 
hrough | speed transmission with a range of 
(W [ i 
For testing electrical d $, $ix solid coin silver slip 


ire used, cach with two silver graphite brushes 
| | ransmitted with low noise levels at 
rotational speeds. Two of the slip rings are rated at 


ining four are rated at 115 v, 1 


J 1 
he ipproximatc specd ol the rotating table IS indicated 


| graduated dial, calibrated in rpm, which is coupled to 











the har 1-operated transmission ontrol. For exact mceasure- 
ent, four stroboscoy disks art provided each with two I 
eck points. The harmor of the check points serve as of the object on the rotating table. The case of the acceler 
termediate check point tor is made of heavy plywood c 
The number of g units applied to the object under test is i 
l termined by multiplying the nun | er ] clow s pn | Stratham Development i 
lot pattern on the stroboscopic disk by the radial distance 12411 West Olympic Blvd., Los Angeles 64, « 
[HE OVERALL HEIGHT of a new mit valve mechanism in the fuel level used in ambient temperatures to 30 
iture solenoid is 1g inches. The device control system in each tank, only pos- F. Weight: 0.29 lb. overall height 
is a special side-mounted connector sible by means of the right angle 13 in. Designed to MIL 4040 spe 
solenoid made for a single-point fuel- mounting of the electrical receptacle. fications. Lafayette Engineering & 


ing system for commercial and military The unit exerts a 2 Ib pull at j in. 
aircraft. This unit activates a slide — stroke at 18 volts d-c, and may be 
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Development Co., 9675 Santa Moni 
Blvd., Beverly Hills, Calif. i 
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Statement of Design Engineer: 


The 221 Maxitorq Clutch was selected for the main 
drive clutch on the 108 coil winder because previous expe 
riences have proven Maxitorq clutches could be depended 
upon to give trouble-free, reliable performance. In this par 
ticular application a clutch was required that would vive 
thousands of smooth starts with a minimum of ¢ 


adjustments 
or maintenance. 


* 
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MAXITURQ- 


KEEPS GOOD COMPANY 


The Maxitorq floating disc clutch is making a lot Automatic Overload Release type. Compact stream- 
of good friends these days . . . as evidenced by the lined design, precision machining and a variety of 
statement above from Universal Winding Com- rearrangements in installation and driving hookups 
pany, Providence, R. I. make Maxitorq a versatile control for Machine 
uu M— " i T b esas UT 'ks. Textile z ni oi 
Their No. 108 Electrical Coil Winding Machine, Tools, Power Trucks, Textile and Printing 
winner of an award from "Electrical Manufac- Machinery, Packaging and Labeling vp 
* sai : e : e Mini ‘ 4 í Eras any 
turing for product design, is equipped with a Mining, Labor itory, Ordn ince and for man) 
Maxitorq Clutch one of many new Maxitorq other types of industrial power operated machinery. 
installations in textile machinery. A high type of engineering service is available on 
. . . quest. Write us fo tails. 
If you are a product or machine designer you will request. Write us for de 
discover in Maxitorq the solution to many problems 
in power transmission. Maxitorq gives you 8 sizes 
from \4 to 15 H.P. in standard sizes . . . 6 sizes in the SEND FOR CATALOG 
No, PET? 


THE CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER * CONNECTICUT 
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New High Gain Chopper Amplifier 





Designated the 





model 300 universal chopper amplifier, 
this new instrument has a maximum gain Of 800,000, tre- 
jucncy response of 0-500 cps, input impedance of 1 
egohm, noise and drift within 25 microvolts, or 2 percent 








of full-scale output. By connecting the proper capacitance 


ross the equalizer terminals at the rear of the chassis, the 
high-fr 






quency response can be increased to about twice the 


low-frequency gain, compensating for the falling off of a 
recorder 






Other features of the amplifier include stabilized gain 
{a new mechanical chopper with a rate of 5,000 contacts 
cond. The input bucking potential includes both step 
nd continuous controls, and allows the zero to be offset 
times full scale. The controls are calibrated within 
out 10 percent of the actual bias supplied. A calibrator 
y gives d-c step functions of cither 100 or 500 micro- 


volts, following the input attennuator. Accuracy is within 
approximately 3 percent 










Any pen recorder can be used with the instrument to in- 
late the small potentials developed by thermocouples, 
train gages, and other sources in which the d-c and a« 
omponents are of interest. Output of the amplifier will 
deliver up to 25 milliamperes, and can develop +80 volts. 


The new amplifier drives practically all recording gal- 
nomctcrs SCT 





attenuating the output to work with sensitive mirror g 
vanometers. Terminals are also used for equalizing reco: 
ets. The high level d-c output also works with pen recorder 
recording galvanometers, and cathode ray oscilloscop 












s and damping resistor terminals permit Keithley Instruments, 3868 Carnegie Ave., Cleveland 15, O 





Air Control Valve Operates Automatically 





A new automatic air-control valve, for use with air suc 






tion ystems and dust collectors on units such as metal 
'rinding and polishing machines, wood jointers, planers, 
inders, table saws, and other similar equipment, is simpl 


design, and can be fitted to any machine, pipe or installa- 


tion within its SCOpi 


Known as the vi ntomatic aif control valve, it opens and 
loses automatically as the machine switch is turned on and 


++ nr 


preventing the continual exhausting of warm air from 








room when the machine is not operating. 

Improvement ot cticicncy in the entire. suction system 
ults from concentrating suction only on those machines 
that are actually operating. When the ventomatic valve is 
















open there is no obstruction in the air passage, eliminating 
the possibility of catching chips, dust, lint or shaving 
threads. The operation of the valve is mechanically con 
trolled by a solenoid, and is no way affected by the air 
trea The new ventomatic air control valve is available in 
zcs to fit i 6, 7 and 8 inch air ducts Kindt-Collins Co., 12653 Elmwood At Cleveland 11, O 















PECIAL DRAWING GRADE OF NYLON — for operation at 105 C, required of and automatically controlled in th 

TRIP is being used to draw and form class A insulation. It will remain cylinders for any preset temperatur 

insulating shells for small type servo form stable for higher intermittent from 100 to 700 F or more. Tha 
otors. The specific material used is temperatures. Atco Electronics Corp., 
tandard FM10001 nylon strip, 0.015 258 Wyth Ave., Brooklyn, N. Y. 

in. thick by 2 in. wide. The material's 

toughn: ss permits forming without CYLINDERS OF VARIOUS SIZES contain- 






can be made for single, two or thr 
phase in various voltages. Cartridge: 
are being furnished in sizes of 7$ in 
dia x 11 in. long, and 143 in. dia. x 
fracturing. It will not support fungus ing heating elements are made with 11 in. long. Furtex, Inc., 258 E. Third 
growth and meets the specifications varying surface watt density, manually St., Mt. Vernon, N. Y. 












Vl a 


CONTINUED ON PAGE 236 
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5 PRP"O" RINGS seal the UNISEAL 


The Master Electric Company's Uniseal— 
result of 25 years development—employs 3 
PRP "O" Rings for simple design and leak- 
proof, long life performance. Ingenuous use 
of PRP “O” Rings in this modern design 
produces a free-running, unstrained rotat- 
ing shaft for Master Gearmotors, where oil 
leakage must be prevented. 

Everyone's finding it's PRP "O" Rings for 
top quality, long life and economy. Write 
or phone for your free copy of our Hand- 
book of "O" Ring design information. 


The name "Precision" on “O” Rings is like “Sterling” on silver. 


e e 
recision er Products 
m——— CO ATION Wm a 
The “O” Ring Specialists 
Dept. 3, Oakridge Drive, Dayton 7, Ohio 
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SHOCK and VIBRATION NEWS 


BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION 


Bie 


























the answer 


TO YOUR SHOCK AND VIBRATION PROBLEMS 


will be found in this complete family of Barrymounts. 
From tiny, ounce-rated unit mounts . . . through rug- 
gedized bases . . . to heavy-duty isolators for industrial 
machinery ... Barrymounts meet all your needs. FREE 
CATALOGS give you details of dimensions, load ratings, 
and military specifications met by these effective vibra- 
tion and shock isolators. 


FOR AIRCRAFT SERVICE 
Catalog 509 describes ALL-METL Barrymounts for use 
at extreme temperatures. Catalog 502-A covers Air- 
damped unit mounts and bases. 
FOR INDUSTRIAL USES 
Catalog 504-B describes the general line of Barrymounts 
rated from V$ ounce to 3300 pounds. parar 607 covers 
the use of Barrymounts with heavy industrial machinery. 
And for SPECIAL PROBLEMS 
ask the advice of our Field Engineering department, or- 


ganized to apply our wide experience to your particular 
needs. 


Address all inquiries to: 


THE BARRY coer. 


730 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 
Atlanta Chicago Clevelond Dallas Dayton Detroit — Los Angeles 
Minneapolis New York Philadelphia Phoenix Rochester St. Louis 
San Francisco Seattle Toronto Washington 









New Parts and Materials...... contin: ed 


Portable Circuit Breaker 
For Field Testing 


A portable circuit breaker tes 
model CBT-1, for testing cir 
breakers in the electrical. system 
modern aircraft determines the elap...4 
time it will take the circuit breaker 
under test to "trip out". It will tcst 
circuit breakers rated up to 150 ar; 
on a 28 v d-c. The test panel of t! 
new tester is constructed of an ins 


ating material and provides mounting 
for a d-c voltmeter, a dual scale 0— 30 
amp and 0—150 amp d-c ammeter, a 
30 and 150 amp negative input ter 
minal ports, a d-c ammeter range s« 
lector switch, eleven loading switches 
and a 1000 second manual reset timer 
Ten feet of stranded two wire +4 
rubber covered cable with two test 
clips, are included. 


Greer Hydraulic In 
154 18:5 Si.. Brooklyn 15, New Yori 


Level Indicator for All 
Containers and Materials 


The telstor, a new electronic instru 
ment for continuous level measure 
ment, without mechanical or pneu 
matic means is usable with tanks, bins, 
hoppers, pressure vessels, glass-lined 
vessels, fuel tanks, water reservoirs or 
practically any type container. Mate 
rials that may be measured include 
almost any type of liquid, viscous fluid 
or granular solids. 

The device consists of an electronic 
unit, an insulated electrode and an 
indicator unit. The electronic unit is 
mounted adjacent to the tank, bin or 
grain elevator. The electrode is 
mounted from top to bottom in the 
tank or bin, and connected by coaxial 
cable to the electronic unit. The indi 
cator unit may be mounted at a central 
or remote location, up to one mile 
from the bin, or tank. 

The electrode in the container be- 
comes one side of a radio frequency 
capacitor, and the walls of the bin or 


tank the other side. The material 
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New Parts and Materials 











continued 


din the tank or bin increases the 
icity between the electrode rod and 
container walls, in proportion to 
depth to which the electrode is 
nersed. The level of the stored ma- 
al is then shown on the indicator 
t scale meter. 


lem Instrument Corp., 2920 N áth St., 


Philadelphia 33, Pa 


Capacitor Holds Charge 
200 Days 


Feature of a new line of capaci- 
tors is its ability to hold its charge for 
is much as 200 days or longer, mak- 
ing possible computing devices in 
which it would be necessary to storc 


information for an extended period of 
time. 

Shown above is the type D of this 
series which is hermetically 
The case material is lead coated steel. 
The terminals are of treated glass of 
the stand-off type. Winding is non- 
inductive. The operating temperature 
range is —80 C to + 75 C. Capacity 
tolerance is +10 percent, but units are 
available in +5, 3, 2, and one percent. 

Height of the largest md the 
6DY10 with a capacity of 0.1 mfd, is 


lẹ in., Width is 1,5; inches. 


sealed 


Industrial Condenser Corp 
3243 N. California Ave., Chicago 18, Ill. 


Electric Ring Heaters 


These heaters can be used for both 
space and contact units for assembly 
into hot plates, pots, defrosters, vul- 
canizers, moulds, dies, water heaters 
for distillation equipment, on air- 
planes, and for correct operational 
temperature control on gyros in gun 
sights. Special advantages are concen- 
trated heat and ease of installation. 


The six sizes run from 2 in. OD, 


À in. thick, to 6 in. dia. 4» in. thick. 
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There are two standard types. One, 
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FOR TRANSPORTATION 












AND INDUSTRY 


es 







TUDEBAKER 


D*7^oíT 


QUALITY GEARS 





National 


selected for Quality 
and Dependability 


Products bearing these familiar 


trademarks have all established 


enviable reputations for quality and 


dependability. And to guard product 


reputations, these manufacturers 


continue to specify castings by National 


—one of the Nation's largest founders. 





fRUEHAUg 


TRAILERS 


National's unparalleled experience in producing 


is at your disposal. 


) 





malleable, heat-treated malleable, 


Sales offices and engineering facilities 







and steel castings 


are located at all five strategically located plants. 


PLANTS LOCATED IN Sharon, Pa., Cleveland 6, Ohio, 
indianapolis 6, Ind., Melrose Park, Ill., and Chicago 50, III 


SEE 


- 


A 16mm technicolor film. Narrated by 


Edwin C. Hill, this 27-minute film tells 
malleable iron is made... tested 
used . . . how its production economy, 


ductility, machinability, toughness 
will give you a better finished 
product. Available 

for group showings. 


how 


\ 


\ 


my fic ‘he 
NASISDNAU 


fOR 'waw,POMTATW 


NATIONAL MALLEABLE and STEEL CASTINGS COMPANY TA 


CLEVELAND 6, OHIO Est 


^ 
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Electrical Hot Water Bag ^ c i 
; Ovtlet Cop Stopper Set Screw Key M - 
Me 4a Ma 4a Me 4a Me m, m a, e, qq, 


Secure LOOSE PARTS 
with Bead Chain 








Conteen Cap as Sterilizer Lamp Cap 


W yondotte Chem. Co 





Aircroft Access Plate 


Ship Alarm Hammer 


A PLUS for Any Product 


Lr Y 


900000000 





When a householder or industrial worker mislays an essential 
part of your product, he may suffer inconvenience or minor 
hardship. But, loss of some important small part of military 
equipment may mean that men are lost, too. 

As a positive leash for straying parts, nothing can equal 
Bead Chain! Non-kinking, free-swiveling action assures full 
freedom in using the part or tool secured. It is small, light, 
attractive ... yet strong enough to hold under abusive strains. 

Check your product now! Leash any part that may stray. It 
costs only a penny or two, as a rule, to add a Bead Chain 
retainer that’s worth dollars as a trouble-saver for your 
customers. 


Kinkless Chain of a Thousand Uses 
Design ingenuity can employ Bead Chain in many unique 
ways to gain new product appeals, please buyers, cut costs. 
For example: A low-cost non-slip chain drive for business 
machines, TV tuners, venetian blinds etc. Pulls for electric 
lights, fans, registers, zippers. Trimming for leather goods, 
wearing apparel, etc. Suspensions for light bowls and signs 
. and in countless other ways. 


Get "Bead Chain”... Get 4 Plus Values 


As the world’s largest producer of Bead Chain, 
the Bead Chain Company offers you: (1) Depend- 
able quality and delivery. (2) Unmatched applica- 
tion help based on experience with thousands of 
users. (3) Widest selection of chain sizes, styles, 
metals, finishes—and attachments to fit every need. 
(4) Money-saving assembly service which pro- 
vides made-to-your-order assemblies. 





NEW! Bead Chain Catalog-Data Folder. 
Write today! 


BEAD CHAIN 


The Bead Chain Mfg. Co., 92 Mt. Grove St., Bridgeport, Conn. 
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in rust-resisting steel sheath, for t 
peratures up to 750 F: the other 
stainless steel sheath, for temperat 
up to 1200 F. Steel sheath watt 
runs from 75 to 800. Stainless st 
from 100 to 1000. 

Both are supplied in either 115 or 
230 v, or in special voltage, if 
quired 

Except for the smallest size, the 
units can be had in three-heat con 
struction. Flexible lead wires can 1 
place the standard threaded stud ter 
minal construction. 


Vulcan Electric Co., Danvers, M 


Grease Fitting Has 
Advantage of 
Flush Mounting 


The problem of protruding heads of 
ordinary grease fittings being knocked 
off by a heavy blow or collision is 
remedied by a new line of flush-typ 
grease fittings just introduced. 

The fittings are made with a ball 
check. Supported by a spring, the ball 
prevents oil or grease leakage caused 
by a back pressure. The ball, which 
holds the opening normally closed and 
cannot be unseated, is depressed for 
oiling or greasing. 

The back-up spring is designed so 
passage through it at the point of 
fullest depression is greater than th 
opening at the top of the fitting. This 
provides free flow of lubricant. 

Other products made by the manu 
facturer include: drain plugs, hy 
draulic couplers, "P casy-out 


(XY 
J 
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rts and Materials continued | 
ase hose, fitting tools, pres- 
s, swivels, spring lubricators, 
valves, top oilers, as well as 
pes of grease fittings—includ- 


new giant buttonhead one- 


struction fitting mo timing 


rid I icat ysten Inc., 
NTERVA MIT 
Plastic General-Purpose 
Diaphragm Valves time SA 


th. odorless, and non-toxic, a 

neral purpose diaphragm valve , 

ded of a polyethylene plastic 

und, and has wide use for han- y 

orrosive chemicals. Metal never z to product performanc 

n contact with the liquids han- 

ind the diaphragm may be of 
maps, Of polycthylc ne. 

nnet assembly is sealed off from 


Ce! 


‘lution, and the valve has no 
fing box to leak. It can be serviced 
thout removing from the line, and 
parts are interchangeable 
Ihe new valves are available in all 

lard sizes from 3 to 2 in., and 
aded for standard pipe threads. Its 


pecialists in TIME as a factor of 


we have developed a wide range 





timing devices, extensively used on 





"ti fu electrically -operated commercial and industrial 

















| ie a p "4 equipment where accurate, dependable timing is 

«ing. pressure is 50 pst at F. essential to insure efficient produc 
- "S ^ pertormance to add convenience of 
i peration to prevent work spoilage and 


protect equipment itself 


High Reverse Voltage Rectifier 


Although the majority of timing~ 

i new selenium rectifier. cell. rated 
> P SE TIME 
(RMS), designed especially for idi: à 


plication where size and weight are inp aue. 


problems cam be effectively solved by 


ces considered "standard" in our line 
mary considerations, has been de- — 


ped 


we have had a great deal of experience 


i i vigas tne des gn of special devices to neet 
Because the individual cells are rated RIVE TYPES 
x i eauirements Ind IT slcoOm the 

» volts RMS, a rectifier stack made v no wm were e 
of these cells will not only with- pportunity to help solve your timing proble; 
d o i ; "us 

1 a higher reverse volta; e, but Write us for complete informatior 

require fewer cells for the same 


tage output. As a result, losses 
proportionately less, and the effi- 
y of the stack is increased 

The new rectifier unit is said to be 
adapted for use in aircraft and 

many types of military equipment 
compactness and lighter weight 


THE R. W. CRAMER CO. INC. 


BOX 7, CENTERBROOK, CONN. 
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also permit its use in battery ch 
and power supplies. Other fe: 
include rugged construction, long 
and a high operating temper 
which results in less derating 
unit is available in a wide vari 






















SIZES 









Tele bi ne and Radi ( 
Cirtton 


Federal 





Angle Type Toggle Valve 





Angle type toggle valves for us 
controlling high vacuum systems 
pressures up to 500 psi under cert 
conditions have been designed for 
in installations where the angle t 
is more adaptable than straight 
tern valves. The quick acting ai 
type toggle valves of the lever ty 
can be used in any application req 
ing a quick opening valve having 


| 


“YEARS OF LIFE IN TOUGHEST 
FOUNDRY SERVICE" 


. . . $ay Whiting Engineers of Star-Kimble Gear-Brakemotors 





e Whiting Skip Charger shown in the photo works two shifts a 






leakage through stem or scat, and 

not leak under pressure. 

cupola. The Skip Charger must stop the load accurately and hold it [he internal materials of constru 
tion are brass and synthetic rubber 


Seat material is normally synthet 
centrations of dirt in the air. rubber, but can be altered 


ay, handling heavy charges of metal, coke and stone for the 








positively. Equipment is subjected to intense heat and heavy con- 


to mc 
specific conditions of operation. 














For tough service like that, Whiting powers its equipment with 


Hoke, I) 
Star-Kimble Gear-Brakemotors, which have proved their ability to 197 S. Dean St., Englewood, N. 
give years of service with little need for maintenance attention. The 
quick-acting, positive brake requires little or no adjustment; the Molded Nylon Cable Hangers 
motor and speed reducer provide a high factor of safety for heavy A complete line of pre-formed 
overloads. AND . . . motor, brake and speed reducer are a single, molded nylon cable hangers, called 


Nyloclips, are lightweight, flexibl 
have a high tensile strength, and ar 
unaffected by oils, gasoline, alcohol, o: 
For information on Star-Kimble Brakemotors, with or with- hydraulic fluids, including non-inflam 
eut the speed-reducing feature, write for Bulletin B-501-A. mable types. Resistant to sustained 
temperatures from 60 F to 250 I 


the hangers retain their original shape 
and require no shaping or forming o! 
- the job. Eleven standard diameter 


sıze hangers, can accommodate singl 


MOTOR DIVISION cables or groups of cables from Ti 


compact, well-protected unit. 








to 2 inches. Several sizes permit di 
EHLE PRINTING PRESS AND MFG. CO. amcter adjustment in installation. 
1 Bloomfield Avenue Bloomfield, New Jersey Barndy Engineering Co., Norwalk, Coun 
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=== Anepaean Cuemican Paa Coray? 
AMBLER R PENNA. 


MEETINGS 


November 17-18 


OPERATIONS RESEARCH SOCIETY 
First Regular Meeting, National Bu- 
rcau of Standards, Washington, D. C. 


Technical Service Data Sheet 


Subject: METAL PRESERVATION AND PAINT PROTECTION 
WITH ACP PHOSPHATE COATING CHEMICALS 


November 17-19 


NATIONAL, PAINT, VARNISH AND 
LACQUER ASSOCIATION—64th Annual 
Convention, Palmer House, Chicago. 


November 19 

AMERICAN STANDARDS  ASSOCIA- 
rioN—34th Annual Meeting, The 
Waldorf-Astoria, New York City. 
November 20-22 

AMERICAN ZINC INSTITUTE—Fall 
Meeting of the Galvanizer Committee, 
Bismarck Hotel, Chicago, Ill. 
November 30-December 5 


AMERICAN SOCIETY OF MECHAN- Pe nt E A, 
ICAL ENGINEERS—Annual Meeting, OPERATIONS pennis 


Statler Hotel, New York City. SOLUTION 
December 1-6 


NATIONAL EXPOSITION OF POWER 
AND MECHANICAL ENGINEERING— 
Grand Central Palace, New York City. 


STAGE No. 7 STAGE No. 3 STAGE No. 4 STAGE No. 5 


ACP PHOSPHATE FINAL 
m. ILE iE Mo ACIDULATED RINSE 


U.S, ARMY PHOTOGRAPHS COURTESY OF “ORDNANCE MAGAZINE” 
Typical spray and dip phosphating equipment and some ord- 
nance products that are now given a protective phosphate 
coating for extra durability under all kinds of severe exposure 
conditions. Both military and civilian applications of MP 
phosphate coating chemicals are shown in the chart below. 


December 3-5 


SociETY FOR EXPERIMENTAL 
STRESS ANALYSIS—Annual Meeting, 
Hotel McAlpin, New York City. 


January 12-16 


SOUETY OF AUTOMOTIVE ENG- SELECTION CHART OF ACP PROTECTIVE COATING CHEMICALS FOR STEEL, ZINC, AND 
— e . ^ L, ZIMC, AND ALUMINUM 
NEERS— Annual Meeting and Engi- - , 


d os C: ; | ACP |  osæctor | TYPICAL METAL GOVERNMENT 
neering Display, Sheraton-Cadillac en] CHEMICAL conta | PRODUCTS TREATED | SPECIFICATIONS 
Hotel, Detroit, Mich. m c4 + - 
"GRANODINE "" Steel, iron, or zinc fabricated units or com | MIL-5-5002 
Zinc Phosphate i ponents, automobile bodies, refrigerators, JAN C- 490, Grade 1 
Coating Chemical washing machines, cabinets, etc., projec- JAN - F - 495 

tiles, rockets, bombs, rifles, small ams, U.S.A. 57 -0-2, Type I, Class C 
PLANT MAINTENANCE CONFER- ecto tak bat ond bak meoies | Finan 22.02" Clas C 
ENCE AND SHOW—Public Auditorium, pne IE hos] : 
Cleve i - € 

leveland, Ohio. | “PERMADINE” Rust and Nuts, bolts, screws, hardware items, tools, | MIL- -16232 
| Zinc Phosphate | corrosion guns, cartridge clips, fire control instru- | us x 57 2, Type li, Class 8 

| Coating Chemical | prevention ments, metallic belt links, steel aircraft a $.A. 51 l a M 2: 2.02, Class B 


parts, certain steel projectiles and many eres 
| other components Us SA 1-53 (See (A 
—— ————————r— i 
“THERMOIL - Wear-resistance anti- | Friction surfaces such as amet | piston "ML-C 16732 
GRANODINE” 


General Meeting, Hotel Cleveland, | galling, safe break-in rings, gears, cylinder liners, camshafts, | US A 57-0-2, Type !!, Class A 
nis ° - iron of friction or rubbing | tappets, crankshafts, rocker arms, etc U.S.A. 51-70-1, Finish 22.02 Class A 
Clev eland, Ohio. Phosphate Coating | parts. Rust proofing. Smail arms, weapon components. Hardware Navy Aeronautical M- 364 


| items, etc. | U.S.A. 72-53 (See AN- F -20) 
Jenuary 26-29 m9 = = 


Baasa - d 
“GRANODRAW” Improved drawing, Blanks and shells for cold forming, heavy — | 
i trusion, ; tubs; ung for f 
AMERICAN SOCIETY OF HEATING e De 
AND VENTILATING ENGINEERS—An- 





January 19-22 


January 23 
MALLEABLE FOUNDERS’ SOCIETY— 


ing, wire, fod, etc. 


nual Meeting, Conrad Hilton Hotel, a — 


Chicago, Ill. 
January 26-30 


INTERNATIONAL HEATING AND 
VENTILATING  ExPosiTION— Interna- 
tional Amphitheatre, Chicago, Ill. 


February 4-6 


Protective adhesion and 
Coating Corrosion. machine tubs, etc; aircraft and aircraft 
resistance parts, bazookas (rocket launchers), heimets, 
belt buckies, ciothes dryers, clothesiine, 
rocket motors, etc., aluminum strip or sheet 
stock, 


Aluminum products of similar design such as | 
refrigerator parts, wall tile, signs, washing | MIL 


MIL-C-5541 (See als so QPL-5541-1 
-5-5002 

AN-F -20 

| U.S. Navord 0.5. 675 

| 16 E4 (Ships) 

| AN-C- 170 (See MIL -C- 5541) 

| Us X. 72-53 (See AN-F -29) 
a ————— t€ 





"LITHOFORM" Zinc alloy die castings; zinc or cadmium 


Zinc Phosphate adhesion piated shee! o components, hot dip galvan- | 


Coating Chemical ized stock, galvanneal, signs; siding, 


roofing, galvam zed truck bodies, etc. 


WESTERN COMPUTER CONFERENCE WRITE FOR DESCRIPTIVE FOLDERS ON THE 
—First Meeting, Hotel Statler, Los ABOVE CHEMICALS AND FOR INFORMATION ON 
Angeles, Calif. YOUR OWN METAL PROTECTION PROBLEMS 
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also permit its usc in battery ch 
and power supplies. Other fea 


include rugged construction, long | —— 

and a high operating temper 

which results in less derating Novel 

unit is available in a wide vari OP 
| SIZCS. First 





“YEARS OF LII 
FOUNDRY 


. . . Say Whiting Engineers o 

È Whiting Skip Charger shc 

ay, handling heavy charges 
cupola. The Skip Charger must 


positively. Equipment is subjec 
centrations of dirt in the air. 


For tough service like that, V 
Star-Kimble Gear-Brakemotors, 
give years of service with little r 
quick-acting, positive brake rec 
motor and speed reducer provid 
overloads. AND .. . motor, bra 
compact, well-protected unit, 


For information 
ou! the speed-n 








tawird UL EiUups» UL CADICS Irom 19 I 
MO1UK DIVISION | to 2 inches. Several sizes permit di- 
EHLE PRINTING PRESS AND MFG. CO. ameter adjustment in installation. 
1 Bloomfield Avenue Bloomfield, New Jersey Burndy Engineering Co., Norwalk, Com 2 
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November 17-18 
fist Regular Meeting, National bu | Technical Service Data Sheet 

Sor > camme =ememmuamiON AND PAINT PROTECTION 

ATE COATING CHEMICALS 


STAGE Ne. 3 TAGE No. 4 STAGE No. 5 
ACP PHOSPHATE FINAL 
LI] 
COATING SOLUTION "- ACIDULATED RINSE 





JTOGRAPHS COURTESY OF “ORDNANCE MAGAZINE” 


ing equipment and some ord- 
given a protective phosphate 
ar all kinds of severe exposure 
civilian applications of MP 
re shown in the chart below. 







GOVERNMENT 
SPECIFICATIONS 








ylinder liners, camshafts, | U.S.A. 57-0-2, Type il, Class A 
A be U.S.A. 51- 70-1, Finish 22.02 Class A 
apon components. Hardware Navy Aeronautical M- 364 

U.S.A. 72-53 (See AN-F - 20) | 


its for cold forming, heavy -| 
s, tuding for forming or draw- | 
etc, 

| 


ucts of similar design such 2s | MIL -C-5541 (See also QPL-5541-1) 
1 -5-5002 











rts, wall tile, signs, washing MIL 

etc, aircraft and aircraft AN-F -20 

1s (rocket launchers), Reimets, | U.S. Navord 0.5. 675 

clothes dryers, clothesline, | 16 E4 (Ships) 

etc., aluminum strip or sheet | AN-C-170 (See MIL-C- 5541) 
| U.S.A. 72-53 (See AN-F - 20) 
n S 

casti 





February 4-6 

WESTERN COMPUTER CONFERENCE 
—First Meeting, Hotel Statler, Los 
Angeles, Calif. 


WRITE FOR DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 
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to the man who wants 


UNBIASED ADVICE on 
MOLDING MATERIALS 














€ What molding material is best? Which is cheapest? 
That's where American Hard Rubber Company serves 
so well—and so often. We can select from literally 
hundreds of hard rubber compounds ...many thermo- 
plastics . . . and several unusual materials like Ace- 
Tex or Ace-Hide shown below . .. plus complete facili- 
ties for molding, extruding, machining, finishing, etc. 
Ask our advice. It's impartial. It's free. 











Many Ace compounds offer 
tensiles to 10,000 psi, excellent 
chemical resistance, moisture 
absorption as low as 0.04%, 
power factor as low as 0.6% 
. . . molded parts. sheets, rods, 
tubes, linings, coverings, etc. 


GUN PLATE 


Tough cellulose acetate-buty- 
rate, high impact up to 9.4 
Izod. Good for housings. con- STEERING 
trol wheels, handles, etc. WHEEL 


Polyethylene: tensile to 3,000 
psi; dielectric to 700 w/mil, 


PARIAN 
unaffected by most acids, al- CHEMICAL 
kalies and salts. Geod for VALVE 


chemical, electrical parts. 


New rubber-base material is 


practically indestructible. Im- CHAIR ARM 
pact strength to 10.0 Izod. PAD 


Chemical resistant. Good for 
parts that take beating, like 
acid pails, golf-bag tops, chair 





ers, etc. ACE-TEX 
TRAY 


n Hard Rubber Company 


92 WORTH STREET + NEW YORK 13, WM. Y. 


r 
c 


f 


» 
f 
- 
» 
+ 
- 







SEND FOR FREE ACE HARD RUBBER 


AND PLASTICS HANDBOOK 
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HARD RUBBER 













Ad Libbing by the Editor 


George Low, general roadmastc+ o; 
the Western Rail Road told me 
When Big-Frank came to this coi 
as a fourteen ycar old boy he ; 
job in a stone quarry. That was a 
1890. His particular chore wa 
drive the team of horses that pulled 


| the industrial rail cars over the ti 


The cars were loaded heavily 
stone, the tracks were anything 
straight and the ground wasn't | 

Little Big-Frank loved the hos 
He would feed them with extra lu 
of sugar out of his lunch box. Oi 
he shared his sweet crackers with : 
horses. And naturally the horses lo 
Frank. And little Frank was also co 
siderate of the horses. For examp! 
at one place the track went down hill 
and then up hill quite steeply for a 
short distance. So in going down hill 
Frank urged the horses to run, he r 
ning after them with the reins in his 
hands. In this way it was easy for t 
horses to get the heavily loaded cars 
over the top of the hill. 

Even as a boy Big-Frank had | 
eyes on the dollar. All around hin 
the quarry were men making seve 
and eight dollars per week and he w 
getting only four. In view of the fact 
that he was doing a job that was us 
ally done by a man, he figured that ! 
ought to be paid at least a littl 
more than half a man's wages. So ! 
went to his boss and asked for a doll: 
a week raise. The boss simply laughed 
at him and promptly fired him. I: 
1890, that was the custom. 

The next morning little Frank ca: 
to the quarry and sat at the top of t 
bank that surrounded it. Perhaps | 
expected what happened. The bo 
had given the job of driving the horses 
to a man who was lazy. Instead of lct 
ting the horses run on the down hill 
stretch he held them back because ! 
didn’t want to run. When the horses 
got to the short steep hill they w 
unable to pull the cars up it. The lazy 
man then used his switch. The horses 
became frightened, broke their traccs 
and ran away. Young Frank can 
bounding down the steep bank scrca: 
ing all kinds of invectives at the drive: 
of the horses and bawled him ou! 
thoroughly for having used the whi; 
The cars were off the track, some wer 


| dumped over. About that time t! 


foreman came up and decided he ha 
better rehire “the kid" and pay hi: 
a dollar more. 

When I was told this story it o 
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QUK ax vc NEW 5o BETTER WAY vo GRIND TOOLS 


THE NEW POPE SUPER PRECISION 


1 HP, 3600 RPM MOTORIZED TOOL AND CUTTER GRINDER HEAD 


ft Adi 
With Angulo" <dhustment In A Vertical Plane 


Specify this new and better motor- 
ized Spindle on your next tool and 
cutter grinder. 


Replace less effective, less versatile 
heads on your present grinders. 
This totally enclosed POPE Spindle 


with sealed-in lubrication has the 
radial and axial rigidity to make 


wheels cut faster — spark out 
quicker. 


It produces the kind of cutting 
edge on your tools that stands up and 
cuts longer. 


It is easy to install. 
It reduces set-up time. 
It reduces grinding time. 


Ask us for a quotation 
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how much is 


bearing 
trouble 
affecting 
your 


products’ 


reputation ? 





















It can you know — and yet it is so easy to avoid machinery ineffic- 
iencies traceable to bearing failures. Just be sure to specify one of 
the MULTIROL full type roller bearing series. Each is designed for 
a specific kind of service and has proven ability to carry greater 
loads longer with more precision and less maintenance. Their 
dependability will help keep your machinery at its peak. Select one 
of the following types and write today for more details in the new 
McGill Bearing Catalog No. 52. 























Rollers Roll More Load 
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cured to me that there was one st 


t that ran throughout Big-Frank's | 


As a boy he fed the horses sugar an 
cakes because he liked them. He als 
got to know them and thereby : 
able to get them to cooperate with | 
to make it easy going over the bumps, 
for both him and the horses. That is 
exactly what he did later in life in 
relations with people. He was always 
a most genial host and his great 

delight was to get several of his friends 
and take them out to a sumptuous mea! 
He entertained because he liked to 
entertain. He liked people and in « 

tertaining them he got to know the 
people and they got to know him. And 
just like little Big-Frank drove and 
treated the quarry horses, so he drove 
and treated the men under him. And 
they liked him because he treated them 
well and was always considerate oí 
them and made their jobs as casy as 


possible. 


35 0n0 


How Chu Fuh Did It 


Chimin Chu-Fuh is the kind of 
man one can never forget. Briefly, 
Chu-Fuh attended missionary school: 
in China and in 1910 he took the 
Boxer Scholarship examinations and 
came out second high. He then en- 
tered Lehigh University as a student in 
civil engineering in September 1910 
He sat next to me at the table in the 
Commons and that is how I got to 
know him quite well. 

His record at Lehigh gives a pretty 
good picture of the kind of a fellow 
he was. He covered the four year 
course in three years. He was elected 

» Tau Beta Pi, and was also elected 
a member of Phi Beta Kappa, one otf 
the first engineering students to have 
received that honor. In competition 
with five American boys he won first 
prize in an oratorical contest. He was 
the top of his class. He was highly 
respected by all of the students and 
had a wonderful sense of humor. But 
perhaps most amazing was his mental 
ability. He always reminded me of 
that quotation from Goldsmith's De- 
serted Village, "And more and more 
the wonder grew that one small head 
could hold all he knew." Only about 
five feet five inches tall and weighing 
probably less than one hundred and 
twenty pounds, this quotation fron 
the Deserted Village fitted. Chu-Fuh 
quite well. 

One day I came across an extremely 
interesting plane geometry problem 
but a rather vexing one because | 
wasn’t able to solve it. It looked ex 
tremely simple but proved to be 
extremely difficult. Even some of the 
profs found it hard to do. 

One night I was over in Chu-Fuh's 
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by SHAW. ee 


For 60 years Shaw has tackled each client's problem—as a custom molder should 
—individually. Elimination of “one solution” thinking from the start, has enabled 
Shaw to recommend and use the correct method and material for the proper solu- 
tion to each molding assignment. The thermoplastic components shown above 
illustrate four more successful applications of Shaw’s formula for customer 
satisfaction. 


Whether or not you are currently utilizing plastic's unique capabilities for 
your product, learn—without obligation—how Shaw experience and facilities can 
best serve you. Remember, no matter what your product or the volume required, 
when you think of plastic molding—it's good business to consult Shaw. 


M 


SHAW INSULATOR COMPARLY 
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room. He was sitting on the edg 
the bed taking his shoes off wh. 
gave him the problem. I can still 
him looking at me with his Orie: 
eyes wide open and saying, “That 

a very difficult problem.” I asked |} 
how did he know it was difficult, | 
he seen it before? He laughed an 
said, "Ah no, but it is difficult beca; 
it sounds so simple. If it were 
simple as it sounds it would be 
problem.” As I was going throug! 
the hall on my way back to my ro 
the light coming through the transom 
of Chu-Fuh's room went out. Obi. 
ously he had gone to bed. 

Chu-Fuh had breakfast every mor 
ing at seven o'clock, just as soon as th 
Commons opened. Sleepy headed me 

4 usually came around about 7:30. The 
301 HORSE RIDER next morning when I got to breakfast 
there was a little slip of paper under 

my plate. It was the solution to thi 


I - 
DISCOVERS CONTINENTAL’S pon. M MEM a 


| Fuh had worked out the two possible 

solutions along with the proof. I was 

€ Q LT 1 T E | amazed. Here was a problem that had 
I stumped the professors and Chu-Fuh 

had solved it between the time that hi 


had taken his shoes off to go to bed 
TWIN yar wood screws and before breakfast next morning 


l When I saw Chu-Fuh at lunch I asked 
him whether he had gotten up again 
to solve this problem. He laughed and 
said, "Oh no." I said to him, "Well 

The Gong Bell Mfg. Co. has been making quality how did —]À s solve m = 
toys and bells in East Hampton, Connecticut, since quickly? He said, “Well I lay in bed 
1866. One of the most popular items in the Gong Bell and I imagined that I had succ ceded = 
line is the #301 Horse Rider. making the required construction 
Then I worked backwards to figuri 


A 


But, until recently when Gong Bell "discovered" Bund M ton tau d dia 
" , i - ou 10W would nave to gc each 
Continental's new Holtite "T WINfast" Wood Screws, ^ 
É ; i the goal. As soon as I did that th 
assembly was siow and painstaking. Since then costly ; , "» 
answer was obvious. 
assembly time has been slashed, the assembled unit : : x 
To Chu-Fuh the answer was obvious 
substantially strengthened and the toy lasts longer. : : : 
: : I don't believe it would have bee: 
Now even the roughest young Hop-A-Long Cassidy en- bvi t tt 
obvious to me or the averare person 
joys a smoother ride because Holtite "TWINfast" Screws - - I 


are doing a better job of holding the unit together. However Chu-Fuh had a point. Often 
we get stumped on a problem in the 


design of a mechanism or construction 
The going is rough and we stumbli 
along, only too frequently missing th: 
goal. If we were to work backwards 
from the desired end point to the 
starting point we would at least estab 
lish an approximation which might 
serve us in pointing the way to a 
complete solution. I have tried it 
quite a number of times and it often 
works nicely. And every time I try it 
I think of Chimin Chu-Fuh. 


Time savings and improved product quality like this 
are typical of Continental screw fasteners and screw 
fastening methods. By examining your own problems 
in production fastening and presenting them to us, we 
may be able to help you more than you think. Why 
not get in touch with us now? Continental Screw Com- 
pany, New Bedford, Mass. Remember, 


Sheets in Bunkhouses 


in to chat with George Low, general 


r m e A 
A J A € 


» 2 m 4 
AN à Ww 2$ € $$ 3 — — UY road master of the Western, he got 
Sedo md n » INC. y i on the subject of labor camps along 
i 2 the railroad. Back in the old days the 
TA custom was for the railroad to provide 
cars with bunks built into them for thc 


On another night when I dropped 
S à 
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Pho: urtesy Corps of Engineers, US Army 


Monongahela River Lock 
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OILGEAR picked by 


engineers for new 


This versatile fluid power also used 
in McNary Dam and Bayou Boeuf Locks 


The problem of selecting the power to operate the lock 
gates, butterfly valves and capstans in the new Monon- 
gahela River Lock was to provide the speed of operation, 
the capacity and the dependability that would keep the 
rapidly growing volume of shipping on the move. The 
river at this point now handles millions of tons more an- 
nually than Panama. 

Certainly, in the fact that Oilgear Fluid Power equip- 
ment was selected for this lock, as well as for those at 
McNary Dam in Oregon, and at Bayou Boeuf in Loui- 
siana, is evidence of the repute in which Oilgear is held. 

But we are inclined to stress the versatility of Oilgear 
Fluid Power . . . its applicability to a wide range of needs 
ranging from the impressive capacity required for lock 
operation . . . to the delicate and assured precision, con- 
trollability and accuracy required in printing on flimsy 
cellophane ...and to the middle ground of industry 
where production must always be increased and always 
kept on the move. 

Fundamentally there is no difference. There must be 
power, ample power, susceptible of control some times 

hing and gigantic, some times a mere whisper of 

wer whittled down to a point, as it were. 

With Oilgear Fluid Power available in pump and cyl- 

Í inder for straight line motion, or in pump and motor or 
integrated transmission for rotary motion or reduction 


of ratio, you have a power source and method applicable 


Oilgear Two-way Variable Delivery Pu 
yosition Remote Cont 


Electro-hydravlic Three-r 
to any need. In addition, you gain ability to vary speed 
or power steplessly in an extremely broad ratio. You can 
have power that does not move but simply holds a mem- 
ber under constant pressure. You can have speed that 
clings closely to the changing viscosity of a beaten mass... 
or power that forms giant airplane fuselages and wings. 

Whatever your problem, it deserves the opportunity 
to be matched with Oilgear versatility for a better solu- 
tion. It will cost you nothing to investigate. It may show 
you a tremendous gain. THE OILGEAR COMPANY, 
1571 W. Pierce St., Milwaukee 4, Wisconsin. 
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OILGEAR 
































Vout 
V 


Clutches get tough treatment in 
such high speed work as per- 
formed by the Sidney 32 in. 
Model 16 heavy duty lathe. 
Driving clutch is 8" Twin Disc 
Model CL, rated at 40.7 hp. 


As designers come up with new 
machine performance achieve- 
ments, they must have compo- 
nents that will stand the new gaff. 

As "speed feed per minute" is 
stepped up with improved cut- 
ting tools, machine tool design- 
ers have to re-examine the ability 
of drive units to "take it." They 
find, of course, that Twin Disc's 


Machine Tool Clutches have the 


TWIN DISC CLUTCH COMPANY, Racine; Wisconsin * 





BRANCHES: CLEVELAND » 


DALLAS » 
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Higher Cutting Spee 


DETROIT + LOS ANGELIS + BEWARE + BEW ORLEANS - 


ds Require 




































































necessary reserve to deliver, un-. 
failingly, day after day perform- 
ance in the most severe clutching 
service. 

That, plus Twin Disc’s un- 
matched service facilities, 8 Fac- 
tory Branches and 60 Parts Sta- 
tions, is why you find Twin Disc 
Clutches in the leading machine 
tools. Get the story in Bulletins 
134-A and 120-D. 


r wil il DISC 


CLUTCHES on Oi o nis DRIVES y 
4 4 


HYDRAULIC DIVISION, Rockford, Illinois r 
SEATTLE + TULSA 
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track laborers to sleep in. There 
also a kitchen car and a mess car. Ip 
the old days with each bunk we 
blanket, usually dirty and filthy. 7 
were no mattresses and there wer 
sheets. The railroad charged the : 

a dollar a day for the three meals 
the lodging. The beds were hard and 
the food was coarse—and the mep 
didn’t like it. 

Not long after Big-Frank got the 
job of supervising the laborers on the 
railroad he appealed to the railroad 
officials to provide mattresses, shects, 
pillows and pillow slips for the bunk. 
houses. He had everything figured out 
and he assured the railroad official that 
with the better living conditions th 
men would produce more. His idea 
was not accepted. Big-Frank then 
guaranteed that the value of the added 
production would be several times th: 
cost of the additional bedding and 
keeping it clean. But the railroad brass 
shook their heads sideways. Big-Frank 
then suggested that they equip one 
camp complete with sheets, pillows, 
pillow slips and mattresses and see if 
the production wouldn’t increase. This 
sounded sensible to the president of 
the road. Big-Frank was told to try it 
and if the trial camp proved that 
sheets and pillow slips gave bigger 
production the railroad would put 
them in all the bunk houses. 

Big-Frank invariably got what h 
went after and he was never dumb 
about the way he did things. H 
selected the best camp along the rai! 
road. He then switched the men unti! 
he had all of the best men in each 
camp transferred to the test camp 
After the men had worked there for 
about a week Big.Frank put in the 
mattresses, sheets, pillows and pillow 
slips. Then he called the gang to- 
gether and gave them a talk. 

“Men”, he said, “You fellows are 
going to decide whether or not you are 
always going to have nice clean beds 
like you have now or whether you are 
going to go back to the hard boards 
and the dirty blankets. If you fellows 
show by the amount of work you do 
that you appreciate nice white clean 
beds you will have them all the tim: 
and every camp on the railroad will 
have them.” 

With that inspiration the gang went 
out and hung up all time records. A 
month later the railroad brass decided 
to equip all of the camps along th: 
Western Railroad with sheets and mat- 
tresses. It didn’t take long for th: 
news to be noised around and th: 
Western Railroad was deluged with 
men who wanted to work on their 
track gangs. Western got the pick of 
the best track workers.—G.F.N. 
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Customer Reports: 


“We Switched to Continuous-Cast Bronzes... 
Rejects Now Negligible...No Field Failures” 


^ — Bros., Inc., Richmond, Calif., had heavy losses due 


to rejects of pump bearings made from sand-cast bronze. 


“Since switching to Asarco Continuous-Cast Bronzes (75% Cu, 
5% Sn, 20% Pb, and 83% Cu. 7% Sn, 7% Pb, 3% Zn), 
REJECTS ARE NEGLIGIBLE, and there have been no field failures,” 


says Mr. R. Delahay, Jacuzzi production engineer. 


Here's why Asarco Continuous-Cast Bronzes cut rejects: 
porosity, dirt, hard.and soft spots are non-existent; alloy constituents 
are uniformly distributed. Also, dimensions are held to 
close tolerances: +0.004” to —0.006” on O.D., and tube cone ntricities 
to within 1.5% of wall thickness. Fatigue and impact 
characteristics are up to 10047 better than those of sand-cast or 
permanent mold stock; tensile and yield strengths are 
appreciably higher. All stock for machining is Medart-straightened. 


Asarco Continuous-Cast Bronzes are available in rods, 
tubes and shapes . . . in many alloys, made to your specific 
requirements if necessary. Lengths are cut to the exact size you want 
up to 12' (standard) or 20' by special arrangement. 


West Coast Sales Agent: 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif. 


American Smelting and Refining Company 


OFFICES: Perth Amboy Plant, Barber, New Jersey 
Whiting, Indiana 
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Rollers are located axially by direct con- 





tact with the flanges which present a con- 





tinuous surface to the ends of the rollers. 





As a result, it is impossible to have end thrust 





against the cage. 





Integral flanges support the free-floating 
cage which does not ride the rollers, but 
acts only to align them ot their pitch circle. 






Flanges serve also to retain lubricant. 





PITCHLIGN is interchangeable with precision 
needle bearings. Get all the facts! 
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Write Today 


Ask for Bulletin SF-164 








ABSTRACTS 


ENGINEERING 


Die Casting Design 





Abstracted from “Good Design Can 
Die Casting Costs,” by W. M. Halli 
"The Iron Age," June 5, 1952. 
PRESSURE DIE CASTINGS vary | 
slightly from parts made by o: 
methods, can often be produced at í 
siderable savings in costs. 

Best results and economies are pi 
ble where the die casting engincer 
die designer have some latitude in 
plicating shapes, forms, features, s 
and tolerances. 

Full advantage of the die cast 
method may best be obtained wh 
parts are designed to meet the lim 
tions and possibilities of die cast 
and of die construction. 

The importance of this approach 
D by the decorative. beadii 
Fig. 1, in zinc-base alloy, for use with 
à S lastic molded car bezel. This d 
casting replaced hollow light gage al 
minum pressing. A die cast part 
selected because of the ability 
cast-on critical rivets and provid 
component capable of withstandi: 
handling during polishing, n 
plating, and mounting. 


~Rivet lug 


Domed bead 


Die 
porting 


AN „Vee slot 


Section X-X 
(Enlarged) 


--Die parting line 





FIG. 1—Decorative zinc alloy beading 
replaced light gage aluminum pressing, 
gave stronger, cheaper part. 


The casting comprises a long strip 
U-shape in cross-section and curved 
along its entire length to match th 
camber of the bezel. 

Four lugs, elliptical in cross-sectio: 
were to be cast on the underside o! 
each beading. A V-notch was to b 
formed in the top of each lug. 

The die for this casting was costly 
because of machining difficulties i: 
the awkwardly curved parting joint 
the need for a closed seal thereon, an« 
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VELVAGLAZE / 




















another example of 
MONARCH VELVAGLAZE 
aluminum Permanent 
Mold Castings 




































































FIRST...AN 
NOW...AN INDUSTRY STANDARD 





















Seeking to add eye appeal to waffle bakers, a leading manu- 
facturer found that Monarch Velvaglaze aluminum Permanent 
Molded grids improved product performance and sales. This 
special low-cost finish stays bright and velvety smooth... 
imparts a dense, durable surface that prevents sticking... needs 
no greasing. Today VELVAGLAZE is generally recognized by 
leading manufacturers as the ideal finish for waffle grids. 










VELVAGLAZE is exclusively available on Monarch aluminum 
Permanent Mold and aluminum Diecastings. It is one of the com- 
plete range of finishing methods available on Monarch’s cast- 
ings. Why don't you investigate how VELVAGLAZE can improve 
product performance, reduce cost and add sales appeal. 


4 
for Monarch's two folders that help solve 
the problems of low-cost finish on high 


quality aluminum Permanent Mold and 
aluminum Diecastings. 



















Aluminum Permanent Mold 





Aluminum Die Castings 


Certified Zine Die Castings 






Complete Product Assembly 


\ ma Every Modern Finishing Service 
\ — Detroit Ave. at W. 93rd St., Cleveland 2, Ohio 
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Engineering Abstracts 


the location of elliptical cavities 
rivet lugs. 

The die was slow in action and di 
cult to operate. Because of the incli: 
tion of the lugs relative to norn 
direction of die opening, these portio 
deformed and misaligned to each ot! 
due to lengthwise shrinkage bef: 
parts could be ejected. 

Heavy flash was also present on tl 
sides of the cast beadings, due to poor 
scaling on curved die parting join: 
High breakage occurred with the sle 
der V-shaped core plugs because oí 
heavy contraction strains. 

The 4-cavity die produced only Six 
castings per minute. It was decided to 
cast the beadings straight and bend 
them to shape. Bending tests ind 
cated the parts could be bent quickly 
and safely while still hot by a hard 
wood fixture. 

A new die with a flat parting joint 
eliminated several difficulties of th 
original dic. Lug cavities, formed at 
right angles to the parting joint and 
lugs were not distorted. 
was imposed on cores. Flash was neg 
ligible due to the closer seal on flat 
parting joint surfaces. Ejection of 
headings was quicker, and safer. 

The new 4-cavity designs generally 
mean reduced costs, on both castings 
and lies, together with quicker work 
ing and greater durability. 

Quantity of parts to be made also 
influence cost and quality. Where di 
costs must be amortized over a small 
quantity, say 10,000 parts, the di 
caster must evolve the simplest and 
least expensive die capable of making 
this many parts. 

Such a die will usually be of the 
single impression type, unfitted for 
long runs. Indications should be given 
the die caster at the outset as to possi- 
bilities regarding future quantities 
Provisions may be made for inserting 
additional cavities at a later date ií 
production has to be stepped-up. Bet. 
ter die materials may be used to insur: 
longer working life. 

Die costs are closely related to part 
design and length of tool life. A 
complex die, due to wear, distortion of 
die elements, and fatigue of materials 
due to heat exposure may have a work- 
ing life of 40,000 shots, even with the 
low melting point alloys. A simpler 
die may produce upwards of 250,000 
shots in low melting point alloy before 
showing appreciable signs of wear. 

For high melting point alloys, har 
dened heat-resisting tough die steels 
are recommended despite higher cost 
maintenance requirements will be 
lower. 

Very small holes of great depth or 
awkward inclination to main die part- 
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RELIANCE 


Adjustable-speed 
DIRECT- CONNECTED 


MOTORS 


IE a | 4 E on Triple-Action 


^ i 
» ~ p 
| 4 resses 
| C! 
: iS 
i Caw Adjustable speeds by the Reliance V+S 
, 


System have answered the challenge of 

establishing and maintaining record 

One of five huge body presses at Ford production from mammoth, triple-action automobile body presses at 
: Motor Company's Buffalo Stamping : : f : * 

| Plant with 500-horsepower Reliance Ford Motor Company's new Buffalo Stamping Plant. Flywheel and clutch 

adjustable-speed press drive motor. 2s i : : : : 

are eliminated. Starting, stopping and reversing are accomplished elec- 

trically. Adjustable inching speed is available as required from direct- 

connected, 500-horsepower Reliance motors—the largest ever placed on 

such presses. Other important advantages of these drives by Reliance 

include the saving of a substantial amount of steel that was formerly 

scrapped and a reduction in die replacement costs. Contact your nearest 

Reliance Sales Representative for further facts on drives engineered by 


Reliance—for presses or any other type of production machinery. 


RELIANCE ise. 
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When vou cannot see inside the produet 


it pays to look *inside" the manufacturer 


Magnet wire cannot be judged by externals. Hidden manufacturing 
variables quickly show up in the winding room . . . on the test rack 
. or out in thé field, 


Producing magnet wire of much better than usual quality . . . especially 
in the finer gauges . . . is Wheeler’s specialty. We invite users of this 
product ... whether large or small . . . to LOOK INSIDE WHEELER and 
see for themselves what we have to offer. Briefly, here is what you 
will find: 


A division of The Sperry Corporation, with all that means 
in background, up-to-the-minute facilities, excellent engineering 
and precision manufacturing standards. 


Production “under one roof” and under one control, from 
copper wire drawing to final inspection. 


Latest equipment for applying Formvar, Dipsol (liquid 
Nylon) and other modern insulation coatings as well as all 
types of natural and synthetic yarn insulation. 


Complete specialized enameling department. 


Comprehensive design engineering and manufacturing 
facilities for production of wire wound components, from basic 
coil to completed transformers and related equipment. 


If you are looking for a Dependable source with better than ordinary 
ability to help you, get in touch with us. 


WHEELERAA MAGNET WIRE 


AND WIRE WOUND COMPONENTS 
THE WHEELER INSULATED WIRE CO., INC., 1103 EAST AURORA ST., WATERBURY 20, CONN. 
14 W M 52 Division o. The Sperry Corporation 
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ing should be avoided. They requ rc 
delicate cores, mounted to slide, rotat 
or collapse to allow for ejection 
casting. They are fragile and inv: 
high maintenance, production del 
and extra cost. Likewise part sha; 
necessitating irregular parting joi 
lying in two or more planes will of: 
lead to faults and wear in the die. 

Die quality affects accuracy and s 
face finish of castings. When planni 
a die casting the designer should 
guided by several rules. 

Split steel dies require at least o 
main parting joint to seal within 0.001 
in. on a band 3 in. wide around edg 
of cavities, runners, gates, and 
vents. Dies should split to permit easy 
machining of cavities and ejection ot 
finished casting. Castings tend 
shrink away from cavity walls, and 
grip upon hole-forming cores. 

Parting joints should be flat. straight 
and in a single plane. Irregular part 
ing joints are difficult to machine and 
slow die operation. 

Cores may be integral with cavity 
walls, or separate members mounted 
in the die to interject into the cavity 
Cores, fixed or movable, may rotate, 
slide or rock in the die. Movable 
cores require mechanical actuation 
Most convenient mechanism permits 
cores to be worked automatically by 
normal opening movements of the die 

Projections, undercuts and similar 
formations athwart the line of die 
opening and wider than the cavity at 
the parting joint retard ejection. 

To facilitate ejection, draft must be 
provided on cavity walls, and sides oí 
cores. Minimum practicable draft will 
be about 1 deg per side, except with 
holes of large diameter and very short 
length. The greater the taper allowed 
the simpler will be ejection. Such 
taper also reduces the delay between 
injection and ejection, thus dimen 
sional tolerances can be controlled 
more casily to offset the effects of nor 
mal shrinkage. 

Ejection may be accomplished by 
movable stripping cores in a slide or 
by rods which push the casting off 
stationary cores. This latter method 
generally most effective from die con 
struction and operation angles, entails 
some collar flash on sides of casting 
where rods impinge on the part. 

Size, number and location of ejector 
rods are important to equalize pres 
sure on the part when stripping. 

Adequate venting channels must b 
provided usually along main parting 
joint surfaces to ensure proper fill of 
the cavity and avoid porosity. 

Physical properties of the part ar 
often influenced by the gating used 
Intricate, large, or extensively cored 
cavities may offer gating problems 
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oft 


Back in 1879 when Thomas Edison watched a charred 
cotton thread glow for 40 hours in a glass bulb he knew he hac | 
invented the first practical incandescent light. He also knew 
the end product called for contributing factors: the search 

for a filament that would burn for days; the improvement of 
the dynamo to furnish power; the development of 

a current distribution system * Edison's capacity 

to achieve these things lifted from life an 

incalculable burden of drudgery and bound together 


with closer ties the people of the world. 


QU 


> 


Today, more than ever, the need for better, faster, and 

heaper methods of production is paramount in the thinking 
of men who make things from metal. For nearly half 

a century many of these men have come to rely on Van 
Huffel’s ability to conceive and capacity to achieve miracles 


in metal — Van Huffel cold formed shapes and tubing. 


'anlluffe 


UBE CORPORATION - WARREN, OHIO 


WELDED » LOCK SEAM » OPEN SEAM - BUTTED TUBING - METAL SHAPES - MOULDINGS 





We're Bull-Headed 
About Quality 


... because it has built a 
priceless reservoir of 
confidence and loyalty among 
TMI customers clear across 
the nation. Our entire 
organization is geared to 
proving the wisdom of 
choosing 


STEEL 
TUBING 


If you, too, want to protect the 
reputation and performance 
of your product... and are 
bull-headed about quality... 
you'll like our specialized 
production and our flexible 
ability! The next time you 
want precision cold drawn 
small diameter tubing... 
stainless steel or alloy... 

in sizes O.D. .050 to .625 
contact TMI! You can count 
on the fact “We won't make 
it unless it's GOOD"! 


gets fast action at TMI. 
We'd like to prove 


il fo yov." 


DOC. TM. 
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which can only be overcome by modi- 
fications of part design. 

Thin wall sections as small as 0.020 
in. for zinc-base alloy, and 0.055 in. 
for high melting point alloys can be 
readily cast. Thick sections, tend to be 
porous and weak. Ribs, beads, bosses 
and fillets at points of greatest stress 
can often increase strength and rigidity 
of casting walls without appreciably 
adding to the amount of metal used. 

Ribs, beads, fluting, filigree impres- 
sions, lettering and similar ornamenta- 
tion can be cast-on without difficulty 
but should be in raised characters on 
sides of component. Obverse impres- 
sions require costly machining. Fine 
tolerances cost more. 

Fine tolerances generally involve ad- 
ditional die costs and greater care in 
its use. Dimensional accuracy will 
largely be conditioned by part design 
and accuracy of the die. 

Closest accuracy is possible with low 
melting point alloys since better 
control can be obtained over normal 
shrinkage of cooling metal in die cav- 
ity, and expansion and contraction of 
the die itself. 

Many designers have difficulty lo- 
cating the, parting joint on the part. 
Generally ‘a die should be parted along 
the line of greatest dimension on the 
part. Maximum diameter of the cav- 
ity formation will lie at the parting 
joint surface and permit the casting to 
be ejected at right angles to the joint. 

With most die castings, two or more 
parting lines will usually be available, 
as in A and B, Fig. 2. The simplest 
die partitig A, is situated across the 
upper open end. The.eXterior of the 
sleeve would thus be formed from a 
single cavity in the stationary die. A 
three diameter core would b? mounted 
in the movable die half. Ejectign is 
iccomplished by withdrawing the core 
within the die, or using ejector rods 
bearing against the endface of the 
casting 

Flash around the open end of the 
casting would be easily sheared off by 
pressing the sleeve through a die. Sur- 
face finish would be good, with no 
flash lines transversely around the part 

An alternate parting method, B 


«--Transverse 


«Die parting here 
o die parting 





FIG. 2—Simplest die parting. A, would 
be located across upper open end. Middle 


parting, B, raises costs. 
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FOR BETTER 


SPEED CONTROL 


USE 


MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


FINGERTIP 


TACHOMETER 
PROPORTIONING 


TENSION OR 
POSITION CONTROL 


MOTOR INTEGRATORS 
BI-DIRECTIONAL 
DYNAMIC BRAKING 
SERVO CONTROL 





me 


a ss A ry 


To You, 
Belden's Golden Anniversary Means 


—product performance that 
can come only from a 
"know-how" that has grown 
through actual service 
since the early days of 
the electrical industry. 
—an ability to co- 
operate in pioneering 
new wires to meet 
or anticipate indus- 
try's growing 

needs. 
In the years 
that follow 
This Belden 


Program Is- 


TO BE CONTINUED 


No stripping problem, 
Celenamel Film re- 
moved when dipped in 
solder. Large economies 
effected in your pro- 
duction. 


Beiden Manufacturing Company 
4691 W. Van Buren Street 
Chicago 44, Illinois 


Belden 


-— 


à 


REGISTERED : WIREMAKER FOR INDUSTRY. 


i 
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WHAT'S MY 
ARINGS NAME? 


M ioi 


YOU CAN 


WIN 
a 100" 


DEFENSE BOND 
Oge 
= 


HERE'S MY LINE... ^N. / 


I'm a non-metallic, self-lubricating little fellow. Just right for that "hard 
to get at’’ location where lubrication is difficult or impossible. I'm 39 years 
old and stil! a favorite in the automotive industry so you can see I'm 
dependable. | require no maintenance and I'm made of non-critical mate- 
rial: Steel shell, special cotton fabric and some mighty wonderful lubricat- 
ing compound. It sounds simple but brother | can and have licked more 
bearing problems than you can shake a stick af. Especially where you 
have oscillation and slow rotation. | come in all sizes and shapes . . . 
bearings, bushings, ball joints and now I'm going steady with Nylon 
wherever someone has a special problem. 


NOW — 
WHAT'S MY NAME? 


CONTEST RULES 


Win a $100.00 Defense Bond—give me « nomi! 
Submit eny number of names. One name will be selected. 
in cese of duplication —the eorliest postmoarked will 
win. All entries must be postmarked before contest 
closes Midnight, December 31, 1952. 


Employees ef O & S Bearing Co., Neveroil Preducts 
Co., the Advertising Agency and their relatives are not 
eligible. All entries become the property ef O & S 
Bearing Co. 


pce m m OD OD OD GIED ÉD IUD GUED AE GERD QUOD UID. 


O & S Bearing Co. —Detroit 17, Michigan I 
| | think you should call him | 
| Submitted by - I 
| Street | 
| | 
| | 
t J 








City and State 
o (N 


ia — — — eee wee — — ee — — — 


C=) OxS BEARING CO. 


303 SOUTH LIVERNOIS * DETROIT 17, MICHIGAN 









at C shows an inclined die parting line. 
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runs transversely around the middl 
the sleeve. This involves higher 
costs. Two identical cavity formati 
are required in cach die half. S 
cavities must be closely matched 
avoid offsetting. Flash around 
middle of the casting would be n 
difficult to remove 

The solid core plug would have 
be mounted in a vertically acting sl 
carried in guideways in one die ha 
Provisions would be required for a 
ating such a slide. Dimensional ac 
acy could not be closely maintain 
Dowels would be needed to mainta 
alignment of die halves. Wear 
these points would cause serious o! 
setting of the cavity formations. Wit 
the die parting shown at B multi 
cavities would have to be located si 
by side so that all cores could be op 
ated in one direction. 

Examples of stepped, irregular a: 
inclined die parting joints are illu 
trated at A, B and C of Fig. 3. At A 
is a part which would require a di 
parted in stepped fashion as show: 
Flash would be extensive, much of 
inaccessible. 

At B of Fig. 3 is a lever requirin 
an irregular parting joint. Machining 
and accurately sealing such joint sur 
faces would be difficult and costly 
Flash removal would be difficult. 

A fulcrum lever, Fig. 5, C, has a: 
inclined die parting. Flash occurs 
mainly along the lower edge of th 
setback inclined portion, and the cen 
ter of the cylindrical base, left. 

The parting line plane has to b 
located to allow a casting to adhere to 
the main core, etc. mounted in th 
movable die as illustrated by A and B 
Fig. 4. The hollow conical casting 
A, has the die parting joint situated 
across the bottom endface, the casting 


Stepped die 
porting 


Irregular die 
porting 





FIG. 3--Alternate parting joints are 
shown. Flash removal for A and B would 
be difficult. Dies are parted in stepped 
fashion, flash is extensive. Fulcrum lever 
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prime detense 
LG 


Small parts... but big in 
performance . . . air cleaners 
and brake linings are typical 
of many, many applications 
for which Reynolds wire is 
made to meet special needs 
of automotive and other 


“precise specification” industries 


REYNOLDS WIRE DIVISION, wationat-sranoaro co, DIXON, ILLINOIS = NATIONAL. |) ! 


ATHENIA STEEL..Clifton, N. J. ........ Pat, High Carbon, Cold Rolled Spring Stee! Company 


Divisio Nati S a NATIONAL-STANDARD... Niles, Mich. Tire Wire, Fabricated Braids and Tape i f> 
ns of National-Standard Co WAGNER LITHO MACHINERY... Jersey City, N. J. Metal Decorating Equipment y AY 


WORCESTER WIRE WORKS.. Worcester. Mass. Round and Shaped Stee! Wire, Small Sizes 


à Sis 
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Die parting f € 


Die parting 






Porallel hole portion | ^ 
for gripping core-----* 
Units used for testing the A 





A» 
Í contact drop and friction 
p of Stackpole FIG. 4—Parting line must permit casting ki 
to adhere to main core in movable die 


Modified design, B, is preferable. Parallel 
portion aids in gripping core. 


being formed from a cavity in the sta 

tionary die. Such a design would not T 
insure the casting adhering to th 
conical core to draw it from the cavity 
The modified design shown at B js 
more satisfactory. Here the flange at \ 
the end is beaded. A short parallel 

portion is provided for gripping to 

the core. 


Taking the frame temper- 
ature of a 300 amp. air- 
craft generator on test at 
the Stackpole brus 
laborotories 


Machinability 


You Can't Buy SmafTWotor Brushes — 5, mor f 
Research Div., the Texas Co, N. Y, 


"Steel" August 18, 1952. H 
from a Catalog! 


MACHINABILITY, although one of the 
most widely used words throughout 
Getting the best brush for a specific fractional horsepower | the metal cutting industry, defies strict C 
motor goes far beyond rule-of-thumb selection. | definition, as it has different meaning: 
Stackpole brush engineers tackle the job the one logical way: | t° different people at different times 
; : i i To most tool engineers, machinability d 
By developing or adapting a brusb for tbat particular equipment 


7 sas connotes a combination of characteris 
under actual operating conditions. tics of a cutting operation, including 


Brush and commutator wear, noise, contact drop | (1) life of the cutting tool, (2) sur- 
and other factors are carefully studied. Every detail | face quality of the finished work, and 


of springs, shunts, terminals, caps, clips or other | (>) Power consumed in machining a 
metal. The relative importance o! 





—— is closely analyzed. Operating these three factors depends on the na- | 
P. conditions of the motorized equipment and | ture of the operations, the equipment 
p" 1 it's peculiarities are taken into full account. | being used, and the ultimate use of the 


i The result—as proved in hundreds of l 
\ cases—is a recommended brush that will AMEN pre ipn 
. arc invoived in à metal cutting op 
| out-wear and out-perform previous types | Coton. (1) A sheari E 

\ NOT A CATALOG! \ used on that application. Guesswork is elim- se rows a xan 


whereby the chip is formed, (2) move. & 
i This 44-page Stackpole i inated. You get pre-proven brush depend- ment of the chip up the face of th 


finished product. 


Brush Users’ Guide contains Ù ability and performance! tool. 
i cene pne em \ Stackpole brushes are sold only to producers of original As the c uting tool adv — through 
fosters portalning to Grech equipment—not for replacement uses the workpiece, the metal, instead o! 
\ selection and use. Copy sent " being fractured on a line parallel t 
l on letterheod request. p STACKPOLE CARBON COMPANY its surface, is actually sheared in a na 
\ -— St. Marys, Pa, | tow zone starting at the cutting edg 


of the tool and proceeding at 

oblique angle to the surface of the 
workpiece. This zone wherein th 
metal is sheared is known as the shear 


\ 





plane. i 
Once the chip is formed it slides 
BETTER BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT | over the face of the tool where it en- 
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Í HOW 40 COMPANIES 


co gear costs 


HOW 31 COMPANIES 
boosted gear life 





1 Of 50 companies checked in 23 industries, 40 Cone-Drive double-enveloping gears 
i told us that they adopted Cone-Drive Gears or give longer life because they dis- 
reducers because they reduced overall costs of tribute the load over more teeth and 
their products. Included are companies making con- have a larger contact area per tooth. 
veyors; cranes, hoists and winches; machine tools; mixers, For the same reason maintenance re- 
à and agitators; and — used for agriculture, baking, quirements are also sharply reduced. 
"S chemicals, construction, food processing, foundry, laundry, Industries in which companies checked 
i leather, materials handling, mining, paper, power, rubber, = : i 
s ! this item as a major factor in the adop- 
steel, textiles and welding. a : 
tion of Cone-Drive gears and re- 
ducers include: 
Casting ow 42 COMPANIES Aircroft Machine Tools 
jyle die Agricultural Equipment Materials Handling 
Parallel Bakery Machinery Mining Equipment 
; * d e hi Chemical Equipment Mixers and Agitators 
f W 1 Conveyors Paper Machinery 
t gear SIZ€ an € a Cranes, Hoists, Winches Plastics Machinery 
he sta An even larger number picked Cone-Drive gears Dams Rubber Machinery 
ild ¢ and reducers because of the savings in size and Food Processing Equipment Steel Industry 
to qn a ; ibl Foundry Equipment Textile Machinery 
oO th weight which they made possible. Among these Leather Machinery Welding Machines 
cavity were companies producing: Lumber Machinery 
t Bs 
à è Aircraft Machine Tools 
nge a Bakery Equipment Materials Handling 
ii cnn. E5ces | HOW 42 COMPANIES 
ing to Construction Machinery Mixers and Agitators 
; Conveyors Paper Machinery e 
Cranes, Hoists, Winches Plastics Machinery d | d 
Food Processing Machinery Rubber Machinery increase gear od S 
Foundry Equipment Steel Mill Equipment zx 1 I 
Leather Machinery Textile Machinery The ability to increase load capacity 
Il lumber Machinery Welding Equipment for the same gear size—or even while 
is REDUCING gear size— when Cone- 
N. Y Drive gearing is used, was a major 
HOW 17 COMPANIES factor in the adoption of these gears 
of the in practically : SN in which 
ghout a À companies were checked. 
wa f cut vibration 
times Since there are more teeth in contact in Cone- 
ability Drive gearing, their ‘hydraulic’ smoothness was a 
cteris major factor in their adoption by manufacturers of: 
udine aircraft; agricultural equipment; chemical equipment; laundry 
x equipment; machine tools; materials handling equipment; 
) sur- mixers and agitators; rubber machinery; steel mill equip- 
S and ment; textile machinery and welding equipment. 
Ing à 
te of 
ins COMPANIES 
»ment 
of the 
ul of gears needed 
g op The ability of Cone-Drive gears to handle large 
'OCCSs reductions efficiently on small center distances 
nove has enabled many companies to reduce the 
f th number of gears needed in their products. 
Among those who checked this as a major reason 
ough for specifying Cone-Drive gears and reducers 
d « were manufacturers of: 
el t Aircraft 
na Chemical Equipment If 
j Machine Tools you would li 
c ; ik 
edg i Materials Handling Overing e e to see 
t _ Mining Equipment Bulletin 
the Mixers and Agitators 
th Steel Mill Machinery k 
shear Textile Machinery D 
a 
Y 
ts RIVE GEARS ———— 
t en- | Niviaion Michiga " Tool Company 
DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 7171 &. MecMichels Reed * Detroit 12, Michigen 
1952 
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X 


Works Best With Money for 
GRANT ELECTROFARER 
















You can tell a motor 


by the company it keeps! 









One of the interesting and unusual 
applications for EMC and CYCLOHM fractional 
h.p. motors is the brilliant invention Electrofarer, 






an automatic fare collection device used 





in public transportation systems 





Engineers of Money-Meters, Inc., manufacturers 

of the ELECTROFARER, had a tough motor 
problem. They required a lot of power in a small 
package, a motor that would perform millions 

of intermittent operations without servicing, 
without lubrication. EMC model 100 operated 
perfectly after a 15 year life test under 

simulated operating conditions. Inspection of 









brushes of motors used for two years showed no 
apparent wear. In fact, Money-Meters, Inc. 
has never had a single service problem with any 







EMC motor used in their equipment 





EMC Universal, Direct Current and Shaded Pole 
Motors and CYCLOHM Induction Motors are used 
by hundreds of leading manufacturers in 












more than 500 applications. If you use fractional , 
h.p. motors in your products, check with us 
today. Write or phone for complete 





Universal and Direct Current 
(1/1000 to 1/2 h.p.) 


Shaded Pole 
(1/2000 to 1/15 h.p.) 


Induction Types 
(1/1400 to 1/4 h.p.) 


HOWARD E 


DEPT. PE7 - HOWARD INDUSTRIES, INC. * 







information — do it now! 






RACINE, WISCONSIN 
pivisions: EC evectric motor corp. C@) crcionm MOTOR CORP. 
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counters frictional resistance. I 
region friction, wear and lubi 
are Of; major interest 

In the region of the finished sur 
the surface and subservice char: 
istics of the machined metals 
particular concern. 

The same two physical process 
shearing the metal to form th 
and movement of the chip up th 
of the tool—occur in all type 
operations, whether they be turn 
milling, broaching, drilling, plan 
ctc. The chip formed may be on 
three distinct types, Table I, dep 
ing on the material being mach 
and the conditions under whic' 
formed 


Shear Angle 


One of the most important fact 
in the cutting operation is the sh 
angle. This is the angle formed at t 
intersection of the shear plane 
the direction of the cutting tool 
the surface of the work material. 1 
amount of metal deformed in the | 
mation of the chip depends upon t 
size of this angle 

When the shear angle is small, pat 
of shear is long, the amount of met 
deformed is large, and the result: 
chip is short and thick. Converse! 
when the shear angle is large, the pat! 
of the shear is short, the amount oí 
metal deformed is small, and the ch 
is long and thin. For optimum m 
chinability a large shear angle is d 
sirable. 

Shear angle is not a constant quar 
tity but varies over a wide range with 
the cutting conditions and the proper 
ties of the metal being machined. It 
is a measurable quantity for any gn 
operation, but as yct cannot be pr 
dicted in advance since all of the fa 
tors involved have not been established 


Mechanical Variables 


Through the use of suitable dyna 
mometers, all the important forces and 
energy relationships for any given cut 
ting operation can now be determined 
making it possible to evaluate practi 
cal machining operations and machin 
ing characteristics of work materials i: 
terms of the fundamental physical 
quantities. 

Fundamental work along these lines 
has led to the discovery and isolatio: 
of three basic mechanical variables 
shear strength, coefficient of frictio: 
and machining constant, which are o! 
prime importance in any analysis con 
cerned with controlling the geometry 
and forces involved in forming th 
chip 

From the standpoint of efficient and 
economical machining operations, low 
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Just because that bathing suit is proper at the beach, she 


shouldn't assume it's proper for the classroom, too! 


And just because one bearing is best lubricated by one partic- 
ular grade of oil, you shouldn't assume that the same oil is best 


for a// bearings on that machine. In many cases it isn't. 


OIL CUPS permit you to lubricate each bearing with the oil 
best suited to that bearing—thus prolonging bearing life, reduc- 
ing maintenance costs, cutting down-time, boosting production. 
And oil cups fortunately cost very little. 


Gits oil cups have been the standard for industry for more 
than 40 years. Gits Bros. has the largest selection of oil cups 
available anywhere. Call on Gits Bros. for a prompt, efficient 
solution to your lubrication problems. 


Write for free Catalog No. 60-A 


G1irs BRos.Mrc. Co. 


1838 S. Kilbourn Ave. . Chicago 23, Illinois 
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Engineering Abstracts continued 
values of shear strength and coeffi 
of friction, and high values of the 


plaskon alkyd 420 TE another | chining constant are desirable. 
UMS " Surface Finish 
first handed to our customers Formerly, quality of the fini 
surface was rated entirely by si: 
visual inspection. Now however, wt! 
Highly significant to all industries—doubly so to the adoption of a measurable un 


the automotive industry — are the unique applications of the microinch—by the use of a |; 
Plaskon Alkyd by PRP which are pictured here. The 

resulting distributor cap and rotor parts represent the TABLE I 

first such use of this talented molding compound in a 

field long limited to phenolics. Advantages gained Type 


by its outstanding dimensional stability and | Chip | 
| 


) 


Description of Chip 


remarkable arc-resistance are self-evident. 


Credit Holley Carburetor Company—ever alert for | | | Discontinuous—formed by 


machining of brittle 
ways to improve product performance and value—for materials 


pioneering this newest application of versatile Plaskon n | 


à Discontinuous—formed by| Poo: 
Alkyd. PRP mass-produces these pieces on specialized machining of ductile i 4 - 


high-speed presses, maintaining extremely close materials at low speeds 
tolerances . . . and exceptionally low costs. Our Continuous—low friction | Best 
plane is ready now to speed you here for a between chip and tool face 


review of our facilities and abilities to Continuous—high friction | Worst 


. . . . > 2 à | 
satisfy your specific requirements. between chip and tool face 


when you look for plastic moldings, 
filometer which can record the peaks 


look first to and valleys of the surface, and with 
a s the aid of transparent plastic films by 
Plastic TII Products, g means of which ulus, permanent 
Urbana, e] TES visible records of all surface imperfec 
tions can be obtained, the nature of 
the surface can be defined and de 

scribed much more accurately. 

Table I summarizes the general rela 
tionship between the nature of the chip 
and the quality of the surface of the 
machined metal. The best finish is 
usually obtained with the continuous 
chip of low frictional resistance (type 
2), and the worst finish generally re 
sults from the continuous chip of high 
frictional resistance (type 3). 

Of the three basic mechanical varia 
bles, only the coefficient of friction is 
known to have an effect on the surfaci 
finish. A reduction in the value of 
this variable will be accompanied by 
an improvement in the surface. 


Strain Hardenability 


Another factor which has a great 
effect on the surface finish is the strain 
hardenability of the metal. A material 
which can undergo deformation and 
distortion without strain hardening is 
known as an ideal plastic. However 
all engineering metals upon being in 
ternally sheared and deformed will 
strain harden, with the result that th« 
chip and the region near the surface oí 
the machined metal will be harder than 
the original material. 

Increasing production and reducing 
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ALUMINUM CASTINGS 


Check over those component parts used in your 
assembly process which might give you a 
lighter, more efficient, better looking product, 
or bring you savings in production if cast from 
di light-weight aluminum. 

with i 1 i : 
ns by Draw upon the experience of Permite engineers 
anent , ^ l who have helped manufacturers in widely var- 


irfec- . . . s 

» | — ied fields design new parts or redesign old parts 
| de 1 to gain full use of the many advantages of 
-— aluminum castings. Send us specifications or 
chip | WE ; © blueprints covering your parts requirements. 

f the i k 

h is 
uous 


| Study the recommendations and cost estimates 
type | | | E v which we will send you to decide whether it 


p | how e E might not pay you in production savings and 
igh ice a better or more saleable product to change to 
aria- CSR Permite aluminum castings — permanent mold, 
on is m 
rface 
e of - . . . . . 

] by Why not investigate now? There is no obligation. 


semi-permanent mold or sand mold. 


CINCINNATI 25, OHIO 


Detroit: 809 New Center Building; New York 9 Rockefeller Plaza; 
Chicago: 64 E. Jackson Boulevard; Atlanta: 413 Grant Building 


ALLA Aluminum Castings 


ALUMINUM PERMANENT MOLD and SAND CASTINGS... HARDENED, GROUND and FORGED STEEL PARTS 
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( A “BUILT-IN” ADJUSTMENT 
THAT ACTUALLY COSTS LESS 
THAN NO ADJUSTMENT! 


... fhere's less machining and you can “take up” after wear. 


Shims stomped from 
LAMINUM® look like 
solid metal but actually 
ore mode up of from 
3 to 63 layers of .002 or 
003 inch brass or steel 


Think of this shim as an adjust- 
ment device. As used here, its cost 
was only 19¢. It's made of our ex- 
clusive LAMINUM®, has 16 layers 
of .002" brass in one unit. 

It gives wide tolerances to the 
thrust gear housing, saving expen- 


sive machining time 


It precisely preloads the bear- 


ing. Inner race rests on the collar, 


"d 
í 


SHIM HEADQUARTERS SINCE 1913 


Check Our Stampings Division 


For Your Stamped Parts Requirements 


1411 UNION STREET * 
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GLENBROOK, 


marked by arrow. Outer race is 
"fixed" in the housing. Removal of 
a .002” shim lamination brings 
housing and outer race closer to 
main assembly. This gives the mi- 
nute preloading adjustment for best 
angular contact bearing operation. 


It "takes up” after wear. 
Removal of additional laminations 
makes simple, quick adjustment. 


O LAMINATED o 






O COMPANY, INC. O 





CONNECTICUT 
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costs are largely contingent upor 
possibility of increasing tool 
From a practical standpoint this ı 
be considered the most importa; 
the factors which enter into ma 
ability considerations. Life of a 
is usually measured in terms of th 
ume of metal removed before it 
be reground, and it varies with 
ting speeds and feeds, as well as 
the nature of the 


chined 


metal being 


A cutting tool may fail (1) 
breaking or chipping due to faulty 
sign or application, (2) by wear 
out or (3) by being overheated 
first of these is strictly mechanical] 
nature 


Tool Wear 


Wear of a cutting tool occurs 
two regions—on tool face or the 
in contact with the chip and on 
clearance side of the tool or in reg 
where the tool is in contact with t 
finished surface. Wear at the tool { 
usually occurs some distance from t 
cutting edge and is known as "crat 
ing." Wear on the clearance | 
begins at the cutting edge and is call 
a "wear land." 

In general all tool wcar may 
attributed to two basic causes: 

1. Wear due to the plowing or ab 
sive action of the carbides or othe 
hard particles in the work picce. 

2. Wear resulting from instantan 
ous welds that occur when the chi 
and finished surface slide over the tool 
faces. 

Two types of weld may occu: 
namely, pressure welds and tempera 
ture welds. The former occur at ten 
peratures below and the latter at ten 
peratures above the recrystallizatio: 
temperature of the mctal. In the ma 
chining operation the chip formed 
forced against the tool face under cx 
tremely high pressures, and if the cut 
ting speeds and resulting temperatures 
at the chip-tool interface are low, pres- 
sure welds can be established. With a 
weld of this type, the weld interface 
is stronger than the two metals in 
volved in its formation and when such 
welds are broken, the rupture occurs 
somewhere in the bulk of the chip, r« 
sulting in a transfer of mctal from th 
chip to the tool face. 

This is the “built-up-edge” which 
forms and breaks down hundreds o! 
times per second and which eventuall: 
becomes part of the finished surface 
As a result of strain hardening th 
built-up edge is much harder than th 
original metal and this in turn wil 


cause acceleration in the rate of wea 


due to abrasive action. Abrasion du 
to the hardening of the chip, th 
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Hew Couplings 
Eugincers Haue 
Been Waiting gor 


EI Thousands of hours, and dollars 


are being saved by original equipment 


manufacturers, installation and main- 
tenance men because of the ability of 
Ajax Dihedral Couplings to handle 
misalignment heretofore considered 
excessive. 

They simplify machine design, cut 
installation time and reduce mainte- 
nance costs. 

New exclusive Ajax Dihedral tooth 
shape provides for maximum mis- 
alignment with tooth clearance (back- 
lash) kept to oil film requirements. 
30 degree involute splines provide 
strong basic tooth form. Positive oil 
seals keep lubrication in and dirt out. 


AJAX DIHEDRAL COUPLINGS 
PROVIDE FOR AND PROTECT 
AGAINST MISALIGNMENT 





WHEN YOUR 


(IN ANY SHAPE OR METAL) 


for heating or cooling —W ATER—HYDRAULIC OIL, LUBRICATING 
OILS — COOLANTS — CUTTING OILS — OTHER LIQUIDS 


COME TO TACO... 
WE'RE EXPERTS- 


IN MAKING SHELL AND TUBE 
HEAT EXCHANGERS IN 
Y SHAPE 
ANY METAL OR AN 


Whenever the product you're designing or manufacturing 
requires a shell and tube heat exchanger, discuss your 

space limitations and design requirements with Taco. You 
càn be sure our solution will save you space, time and a 

lot of engineering headaches. We've been helping 
manufacturers who need special heat exchangers of different 
metals for many years. 


Here are Two Examples of Special Taco Heat Exchangers 
Designed to Meet a Space and Capacity Problem 


Cm í 


FOR HOUSE HEATING BOILER 


TACO HEATERS INCORPORATED * 137 SOUTH STREET, PROVIDENCE 3, R. 
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built-up edge and the work surface de. 
pends upon the initial hardness of the 
metal, and the strain hardenability anq 
the amount of shearing strain involved 
in the formation of the chip. 

Formation of temperature welds oc 
curs without strain hardening, and 
when the weld is broken, the surfaces 
separate in the same plane in which 
they were formed. There is no tend. 
ency toward the formation of a built-up 
edge, but when the surfaces separate, 
small particles of the tool matrix may 
be transferred to the chip. The extent 
of this transfer-type of wear will de. 
pend upon the mean area over which 
temperature welds occur and the rela- 
tive strength of the tool and the work 
piece. 

Thus, at very low cutting speeds, 
the temperatures will be low and the 
welds formed will all be of the pres- 
sure type. As the cutting speed is in. 
creased, temperatures will also in. 
crease and a point will be reached 
where temperature welds will begin to 
form. As cutting speeds are further 
increased, all the welds formed will be 
temperature welds. 

Thus, the basic mechanical variables, 
whose cffects on tool wear are known. 
are shear strength of the metal, coeffi 
cient of friction, machining constant, 
strain hardenability, initial hardness of 
the metal and microstructure of the 
metal. 


Tool Life vs Temperature 


Although the exact relationship be- 
tween temperature, tool life and forces 
in metal cutting are far from being 
completely established, there seems to 
be a direct relationship between the 
temperature at the chip-tool interface 
and the tool life. As this temperature 
increases, ability of the tool to with- 
stand the forces exerted upon it de- 
creases rapidly. Consequently, in the 
interest of long tool life, it is impera- 
tive that temperature at the chip-tool 
interface be kept as low as possible. 


Metallurgical Facts 


Until recently little has been done 
to apply metallurgical knowledge to 
the improvement of machining condi 
tions. However, it is now recognized 
that tool life and surface finish ar: 
directly related to the microstructure of 
the metal being machined. 

Materials having similar metallur- 
gical structures will likewise have simi- 
lar machining characteristics, regardless 
of their relative physical and chemical 
properties. On the other hand, it has 
been shown that slight variations in 
the microstructure within a single piec 
of stock can cause as much as a five- 
fold change in tool life. 
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Engineering, produc. i 
tion and economic 
advantages obtainable 
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Fine Pitch Drawing Data 





| Ihe Editor: 


I read with interest the article 
Pitch Drawing Data Required to A; 


with forgings are pre- sure Quality” in the July 1952 
A Reference Book on Forgings 79. ||| sented in this Refer- of PRODUCT ENGINEERING. 
» | ence Book on Forgings. On page 176, the author states that 
l| ibo nad a “composite check comes closest to 
"P the truly functional check.” It can be 
shown that a sinusoidal distributio 
tooth spacing error, such as would | 
caused by the indexing mechanisi 
a gear cutting machine, is practi 
indiscernible on a variable center 
tance check. To complicate matters t! 
f a effect of tooth spacing error in hig 
offer unlimited precision gearing is usually greater 
: | than the effect of runout. Thousand 
possib1 ities for solving Problem Parts upon thousands of tests on fine pitch 
: d instrument gears have proved that 
Problems without creating other prob- there is very little correlation betw 
a composite check and the transmiss 
lems for other people. Check all the of uniform angular motion. 
" On page 177, the author mentions 
aspects of a problem part with the P^ 
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605 HANNA BLOG * CLEVELAND 15, OHIO 





Position 









Company 
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Please send 60-page booklet entitled 


DROP FORGI NG "Metal Quality —How Hot Working Im- 


proves Properties of Metal", 1949 Edition. 
















that "the effect of runout on the trans 


. . . mission Oi uniform angular motion 
unrivaled economic and mechanical 


inversely proportional to the diameter 


à x of a gear.” Thi true only for driver 
advantages of closed die forgings, and I» un ER 


gears. The angular error caused by a: 


. . ccentric d Cr IS tircly depend 
the closed die forging process for pro- | 5, 70 Is CORTE nac per 


of the driver gear diameter. An ASM! 


. . . € JC y € CC t i , +51-] 
ducing parts,and you will discover | PP" 9? gc eccentricity (=> 


36) points out that the angular erro: 


the possibilities for solving a problem caused by an eccentric driver is 


versely proportional to the base circ! 


part with closed die forgings. Then, | ^c driven gear. 


In the last paragraph of the artic! 


consult a Forging Engineer about the the author mentions that undercutting 


of the involute takes place at 32 tecth 


. . e > 1 y , ; C j 
correct combination of mechanical in the 14} deg. system and at 


teeth in the 20 deg. system. Thes 


e . . é S he < J d 7 r d 7 au 
properties which closed die forg- values have been stated by many 


thors but, with standard fine pitch 


2 H inishing hobs ‘ ye , hat 
ings can provide for your product. finishing hobs, it can be shown th 


undercutting takes place at approx 
mately 41 and 23 teeth in the 14! 
deg and 20 deg systems, respectivcly 
RICHARD L. THOFN 


To 





the Editor: 


This is in reply to the comments í 
Mr. Richard L. Thoen regarding tl 
article titled, “Fine Pitch Drawing 
| Data Required to Assure Quality 
| in the July issue of PRODUCT ENGI 
| NEERING under my “by-line.” 
| 
| 
| 








In an article covering a wide rang 
of subjects, it is difficult to go into 
hair splitting details due to space limi- 
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ALLMETAL 
AN / 


STAINLESS STEEL 
FASTENERS 


MACHINE SCREWS - NUTS - BOLTS - WASHERS - PINS - RIVETS 


AVAILABLE IMMEDIATELY FROM STOCK, an 
endless stream of first quality “AN” stainless fasteners is 
Allmetal's answer to the exacting demands of defense pro- 
duction . . . in aircraft, electronics, ordnance, in industry 
everywhere. Always remember Allmetal, to get the fasteners 
you want—when you want them. 


WRITE FOR 
CATALOG, 
ON YOUR 
LETTERHEAD, 
TODAY! 
A£35 MANUFACTURERS SINCE 1929 
Ss 
4 2 r 
at X, SCREW PRODUCTS COMPANY, INC. 
M is Srene® 33 GREENE STREET NEW YORK 13, N. Y. 
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An interesting design and functional feature of this unique 
Wisconsin Air-Cooled Engine application by Thompson & Gill, Inc., 


of Madera, Calif., is the mounting of the engine on a swinging 
frame below the conveyor, The power unit (a Model AKN Single 
Cylinder Engine) retains its vertical position regardless of the load- 
ing angle of the stacker which can handle bales, bags or boxes, 


stacking to a height of 18 ft. 


In the design and manufacture of a great variety of specialized 
power equipment, Wisconsin Air-Cooled Engines "get the nod" 
because of their adaptability to fit the machine as well as the job, 
thanks to extremely compact design, light weight, and all-weather 
. plus heavy-duty construction and performance. 


serviceability . , 


You can't do better than to specify "Wisconsin" for your equip- 
ment. Detailed data and engineering cooperation on request. 


Wes e WISCONSIN MOTOR CORPORATION 
E 
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WISCONSIN-Powered TECO STACKER 
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Models ABN, AKN, AEN 
4-cycle single cylinder, 


Other models, 


up to 30 hp 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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Serving 


INDUSTRY 
since 1887 


WASHERS ane 


STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 
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MILWAUKEE 46, WISCONSIN 


WROUGHT WASHER arc. cc 


THE WORLD'S LARGEST PRODUCER OF WASHERS 
2213 SOUTH BAY STREET « MILWAUKEE 7, WISCONSIN 
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Our Readers Say. .Contir 


tations. One can say too little or 
enough. It is quite understand 
why discerning readers might ques 
apparent dogmatic statements, any o 
which might well become the su! 
of a scparate article. 

The author is grateful to Mr. Th 
for the opportunity of expatiating on 
the points he has raised. We do not 
differ on essential points, but rat! 
if we differ at all, on minor detail 

Regarding the subject of under 
ting of gear teeth, the author agr 
with Mr. Thoen that the common con 
cept that undercut in gears of 144 d 
pressure angle starts at 32 teeth and 
those of 20 deg pressure angle at 17 
teeth is not entirely correct. It d 
pends entirely on what is meant by 
undercut, and what particular tooth 
form system we are talking about. 

Undercut, as defined by the Amer- 
ican Standard Gear Nomenclature 
A.G.M.A. 112.02, A.S.A. B6.10-1950, 
is as follows: 

A condition in generated gear 
teeth when any part of the fillet 
curve lies inside of a line draw: 
tangent to the working profile at 
its lowest point. Undercut may | 
deliberately introduced to facilitat 
finishing operation. 

This statement implies that all gears 
are undercut to some extent. It fur 
ther explains that undercut, for som: 
purposes is introduced deliberately. 

The question is whether some un 
dercut is or is not objectionable. 

The Fine-Pitch 20 deg Involute 
System A.S.A. B6.7-1950 states, “that 
in order to avoid objectionable under 
cut, pinions with 17 teeth and fewer 
are enlarged." In this system, under 
cut starts, in most cases, at the work 
ing depth. The reason all undercut 
was not eliminated is due to the fact 
that inadequate top lands would result 
in pinions having addendums equal 
to 1/N. They would therefore require 
stubbing. The gain in profile length 
at the base of the teeth by avoiding 
all undercut would be offset by the 
amount chopped off the tips to obtain 
a practical top land. 

Undercut in pinions varies with: 
(a) the cncice of tooth form system; 
(b) the top land of the generating 

tool; (c) the type of generating tool 
used, (whether a hob or gear shaper 
cutter) ; (d) whether the generating 
tool has an edge fillet or is razor sharp, 
and; (e) the depth of the cut. 

Undercutting of pinions of 143 deg 
and 20 deg pressure angle is thorougly 
covered in Prof. Buckingham's book 
"Spur Gears" The accompanying 
Figs. 1 and 2 show the basic rack 
for two systems of generated gears 
Pinions cut to nominal dimension: 
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Generating rack 


Generating rack 
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according to these systems are un- 
dercut. 

Undercut in 144 deg pinions begins 
at approximately 31 teeth and in 20 
deg pinions at 17 teeth, respectively, 
as shown by Table V and VII, pages 
114 and 124 of Buckingham’s book. 
Most of us have these two systems in 
mind when talking about undercut 
pinions. This concept, is wrong be- 
ause it does not take into account all 
the many ramifications of undercut. 

Regarding Mr. Thoen's comments 
on the influence of eccentricity, the au 
thor finds himself in perfect agreement 
with statements on the subject in thc 
A.S.M.E. paper. In the article in ques- 
tion, it was stated that the effect of 
runout on the transmission of uniform 
motion is inversely proportional to thc 
diameter of a gear. No mention was 
made of driver and driven to avoid a 
lengthy discussion. The idea was to 
focus the attention of the designer on 
things of primary importance. 

In regard to the value of the com- 
posite check and its approach to a 
truly functional check, the author finds 
himself at some variance with Mr. 
Ihoen. While it is not claimed that 
a blind composite check is of much 
value in determining absolute tooth 
pacing errors, there is a preponder- 
ince of evidence that a composite 
heck which records the radial dis- 
placements on a chart can be used as 

qualitative (not quantitative) yard 
tick for angular transmission. Such 

check to be of value must be made 
in an instrument that charts the radial 
splacements. The instrument must 
ive these features: (a) sensi 
"ty; (b) repeatability; (c) em- 


THERE 1S AW EES con7ROL 
lotit Your Weeds 


Full accessibility in a 
small package. 


ALC. 
MAGNETIC 
STARTERS 


with Plasti-Clad 
Magnet Coil 
Write for 
Bulletin 605 


Contacts, coil and thermal ele- 
ment replacement with use of 
screwdriver only. Magnet coil 
—in molded phenolic case 
with riveted terminals—is 
completely embedded in a 
rock-hard resinous material, 
thus protecting against oil, 
dirt, moisture and normal me- 
chanical damage. 


50% smaller — lighter. 


R-B-M 22204-0 meets AN 
3304-1 specifications. R-B-M 
engineers have developed the 


HERMETICALLY 
SEALED 
RELAYS 


22300-0 currently used in 
government electronic, air- 


borne and ground equipment 


Write for 
Bulletin ASR 


—as the electrical and mechan- 
ical equivalent ot the AN 
3304-1, yet 50 


— 


smaller in 


size with '5 the weight. 


2-8 poles Non-Reversing. 
2-5 poles Reversing. 
25 Amp — 600 AC Max. 


INDUSTRIAL: 
CONTACTORS: 


with Plasti-Clad 
Magnet Coil 
Write for 
Bulletin 600 


Contacts can be replaced with- 
out removing wiring. To 
change coil, remove magnet 
frame and coil assembly only. 
10 and 15 amp. poles can be 
changed from normally open 
to normally closed by using 
screwdriver only. 


Low cost. Small size. 
Dependable performance. 
Available in many contact 
arrangements. 


GENERAL 
PURPOSE 
RELAYS 


Write for 
Bulletin 570 


Whatever your needs for inex- 
pensive, dependable relays for 
commercial applications— in- 
vestigate R-B-M General Pur 
pose Relays. 


"^ 
Other R-B-M products include: motor overload protectors, 
motor starting relays and low voltage DC electrical devices. 


Consult R-B-M On Your Control Problems — Write Department C-11 


R-B-M DIVISION 
ESSEX WIRE CORP. 


ogansport, Indiana 
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CONTROLS 
AND ELECTRONIC USE 


MANUAL AND MAGNET ELECTRIC 


— FOR AUTOMOTIVE. INDUSTRIAL COMMUNICATION 
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Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose...utilizing more than 
22,000 Sets of Dies. 





Let us Quote on Your Needs. 
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| covered in Prof. Buckingham’s book 


WROUGHT WASHER mre. T 


"Spur Gears" The accompanying 
Figs. 1 and 2 show the basic rack 
for two systems of generated gears 
Pinions cut to nominal dimensions 
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stick for angular transmission. Śuch 
a check to be of value must be made 
in an instrument that charts the radial 
splacements. The instrument must 
ive these features: (a) sensi 
tivity; (b) repeatability; (c) em- 
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THERE 18 AW ESS con7ROL 
| 70 +4 Your Weeds 





Full accessibility in a 
small package. 


Contacts, coil and thermal ele- 
ment replacement with use of 
screwdriver only. Magnet coil 
—in molded phenolic case 
with riveted terminals—is 
completely embedded in a 
rock-hard resinous material, 
thus protecting against oil, 
dirt, moisture and normal me- 
chanical damage. 


i ——Ó—X À—À 


50% smaller — lighter. 


R-B-M 22204-0 meets AN 
3304-1 specifications. R-B-M 
engineers have developed the 
22300-0 currently used in 
government electronic, air- 
borne and ground equipment 
—as the electrical and mechan- 
ical equivalent of the AN 
3304-1, yet 50% smaller in 
size with 42 the weight 





——— — — 


2-8 poles Non-Reversing. 
2-5 poles Reversing. 
25 Amp — 600 AC Max. 


Contacts can be replaced with- 
out removing wiring. To 
change coil, remove magnet 
frame and coil assembly only. 
10 and 15 amp. poles can be 
changed from normally open 


LI 


to normally closed by using 
screwdriver only. 


Low cost. Small size. 
Dependable performance. 
Available in many contact 
arrangements. 


Whatever your needs for inex- 
pensive, dependable relays for 
commercial applications—in- 
vestigate R-B-M General Pur- 
pose Relays. 


motor overload protectors, 
tage DC electrical devices. 


'blems — Write Department C-11 










----M DIVISION 
ESSEX WIRE CORP. 


ogansport, Indiana " 


MANUAL AND MAGNET ELECTRIC CONTROLS 
— FOR AUTOMOTIVE, INDUSTRIAL. COMMUNICATION AND ELECTRONIC USE 

















0-M CYLINDERS 


AIR HYDRAULIC WATER 
MORE POWER In less space 


a LESS COST 


O-M is All Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 1/3 in installa- 
tion space. In full range of 
sizes from 112” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 



















FREE 
NEW CATALOG 
28,diogrom- 
packed poges of 
specifications, 
ports listing and 
other information. 


TEMPLATES 


Complete set. 
shows all cytin- 
ders and mount- 
ing brackets. '/ 
or '4 scale. 


3 


ORTMAN-MILLER MACHINE CO. 


«iit 150th St., Hommond, Indiana 


At no eost or obligation . . . 

[] Send me your new, complete catalog. 

C] Send me a complete set of ‘2 scale templates 
QJ Send me a complete set of '4 scale templates 


P 


Address 
City State 


MAIL COUPON TODAY! | 





| 
| 
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| 
| 
ae É - | 
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Our Readers Sa, continued 


ploy a checking element of a high 
order of accuracy; and (d) be able 
to record minute radial displacements 
at magnifications such as 400 times 
size. 

It was found by comparing many 
traces of gears which showed the ra 
dial displacements with curves ol 
integrated spacing checks, (made b 
engaging a year w De Guccacd with 
another stationary gear or rack and 
measuring the angular deviations of 
successively engaging teeth, angular 
errors being integrated over the arc 
of action), that a qualitative common 
denominator can be found. 

There are a number of means of 
obtaining a composite check of gear 
teeth, some of which are quite ar- 
chaic. When the right equipment and 
techniques arc employed, remarkable 
correlation can be established. The 
difference between the older and newer 
methods is comparable to using a 
common stethoscope to make an audi- 
ble check of heart beats, and using a 
cardiograph for analyzing heart trou- 
ble. One instrument can be used only 
to make a rough guess, while the other 
permits a scientific analysis. A com- 
posite check was made of a gear at 
tour hundred magnification. On the 
same chart is a trace of an integrated 
spacing check made of the same gear 
using a Vinco dividing head. In this 
check, the gear was engaged with a 
master rack and successively rotated in 
tooth increments. Intimate contact was 
retained between gear and rack in such 
a manner that when the exact angular 
increment was measured on the divid- 
ing head the error was read in terms 
of equivalent radial displacement ot 
the gear with the rack, thus establish- 
ing a common denominator. 

The proof of the fact that a properly 
made composite check can be used to 
control the quality of instrument gear- 
ing where uniform motion is essential, 
is found in the hundreds of thousands 
of such gears that are now being 
manufactured and checked on record- 
ing type composite checking equip- 
ment. 

It is refreshing to find a discerning 
reader who takes the trouble to make 
constructive comments on an article. 
The true reward of authors is meas- 
ured by the interest taken by readers 
like Mr. Thoen. —L. D. MARTIN 

Gear Engineer 
Eastman Kodak Co. 


Nomogram Data Not 
Experimental 
7 j the Editor 


With regard to my article, "Stress 
Charts for Pressurized Elliptical and 
Oblong Tubes," which was published 


" Joe, getting 
small metal parts 
with precision 
tolerances is always 
a problem.” 


“Not when we 
have Torrington 
make them, Tom. 
Their production 
methods and 
facilities are 
among the finest in the world.” 





The methods used by our Specialty 
Department in the production of pre 
cision metal parts are the result of ove: 
86 years of constant effort to decreas: 
the cost and improve the quality of 
our own products. Most operations ar 
performed on automatic and semi 
automatic machines — many of them 
Torrington-designed — that assure uni 
form quality and precision. The latest 
heat-treating and finishing practices 
give proper temper and hardness. And 
mass-production techniques make pos 
sible the greatest possible economv on 
any quantity of small metal compo 
| nents. 


If you need precision metal parts, asl 
us for a quotation. Just send us a blue- 
print or sample and tell us how many 
you need. The low cost will surprise 
you! 





Typical Torrington - Made Parts 


| THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 


Makers of 


TORRI NEEDLE BEARINGS 
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DURABLE . . . HIGH 
TEMPERATURE 
RESISTANT METAL- 
TO-GLASS BOND 
ON CONTACT LEADS 
ON DUAL-BEAM 
CATHODE RAY TUBE 


Araldite* Bonding and Casting R 
developed bv Ciba Rescarc? 

ing manufacturing met 

product efficiency, and ope: 

fields of product developme 

want to know more 


The exceptional bonding properties of ARALDITE RESINS whereby durable bonds are 
achieved between many different types of materials under severe service conditions where 
other bonding materials prove inadequate, are demonstrated in this important application 
by the Allen B. Du Mont Laboratories, Inc. The ARALDITE RESIN used, “has proven very 
satisfactory in its bonding strength and in its resistance to softening under conditions of 


high humidity at elevated temperatures." 


s, asl 
blue- 
many 


rprise 


SEND THIS COUPON ... or write us on your company 
letterhead ...for complete technical data on the physical 
properties and recommended procedures for the success- 
ful use of Araldite Resins for your own fabricating needs. 


* Reg. U.S. Pat. Off 


p^" | 
Dib en l ostis 


BONDING * CASTING * COATING RESINS 
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FILTER ASSEMBLIES 
FOR PUMP UNITS THAT 


ARE HIGHLY RESISTANT TO 
ALL TYPES OF CHEMICAL 
SOLUTIONS 


The filter cylinders shown in the inset are 
ARALDITE RESINS cast in specially designed 
molds to provide permanent units within com- 
plete filter equipment capable of pumping as 
much as 2280 gallons per hour of highly cor- 
rosive solutions ... a primarily important factor 
in the use of Sethco Filter Pump Units such as 
the model shown here for durably efficient in- 
stallations in process equipment. 


CIBA COMPANY INC. "M 


PLASTICS DIVISION L4 8 
627 Greenwich St., New York 14, N. Y. 
(In Canada: Ciba Co. Ltd., Ciba Bldg., Montreal) CASTING 
Please send me Ciba Plastics Technical Bulletins for 
" | Check 
ZEN mmis tali bt — 


Tile COMPANY n COATING 
Address. .. — [1 


J here 











Our Readers Say 






in thc Junc 1952 issue of Pi 
ENGINEERING, I wish to call | 
tention to several errors I has 
in the printing of thc article. 

1. The Nomogram and graj 
not based on experimental data 
photelastic models, as is stated 
are the result of a rational 


BALL BUSHING 


} 
A iH 





matical solution of the problen | 
derived formulas are complex at 
ous to solve tor a speci hc Case ; 
fore the nomogram and chart « 
constructed to represent these í 
las and give rapid, easy soh 
Many photoelastic tests on 1 
were per'ormed to prove the va 
of the developed theoretical equa 


) 


In the list of symbolism, 


Vab. 


should be — 
t 


3. For the Oblong Tube Str 
Chart on page 199, the positio 
the letters B and C on the tube cros 
section should be reversed. Locatio 
B should be on the inner surface o 


The BALL BEARING for your the long-axis, and location C should 


be on the outer surface of the short 


axis. J. C. WEYDERT 
Magnetized Steel Stampings 
Sliding linear motions are nearly always troublesome. Thousands E ping 


of progressive engineers have solved this problem by application To the Editor 
, of the Precision Series A or Low-Cost Series B BALL BUSHINGS. F i 
' irst, I would like to comment on 
i Alert designers can now make tremendous improvements in their the item “Magnetized Steel Stamp 
. products by using BALL BUSHINGS on guide rods, reciprocating shafts, ings," which appeared in "Our Read 
~ push-pull actions, or for support of any mechanism that is moved ers Say" column of August 1952 
. or shifted in a straight line. | While I find your answer quit 
k Improve your product. Up-date your design and performance with | m à; — Pa d D wr t 
nnm at | further possibility which may lead to 
| magnctized steel stampings. 
d Now manufactured for !/,", 1/", 34", 1", 11" and 2!/;" If a die has been ground on a mag 
" shaft diameters. netic chuck or plate and has not be: 
z properly demagnetized, it could very 
z = well p e magnetism in small stamp 
J ings; and a punch stroke or stamping 
i LOW FRICTION n LOW MAINTENANCE would help i orientate the imd: 
^ 


ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE > LASTING ALIGNMENT ~~ 

tized. This spindle had just been mad 


Progressive Manufacturers Use Ball Bushings = and ground. We passed it through a 
—A Major improvement at a Minor Cost t demagnetizer; and the wire after be 


ing cut in short lengths showed no 


THOMSON INDUSTRIES, Inc, — 5:5 o metton 


Now I have a problem on wh 


t 


seen a spring steel wire passing 
through a rapidly revolving spindle 
| for straightening became magnetiz 
| Upon investigating it was found that 
| the straightner spindle was magn: 
I 


| in the same polarity as the die. I has 





I would like some enlightenment. It 
Dept. F, MANHASSET, NEW YORK ouk e s "ig lastic f 
in regard to winding a plastic film 
NS Write for descriptive literature and the name of our a cardboard core. The width of th 


representative in your city. film may be anything from say 5 incl 
: to 15 inches, according to various runs 


Also manufacturers of NYLINED Bearings — DuPont NYLON The core diameter is 3 inches, and final 





"T tol <I , - ET ee € roll size is about 10 inches. In order 
—Tor rotation a recipr LI n 1 
aana tend citi d to avoid starring at the core, should th: 
roll be wound at (1) constant tension 
É i 
288 


Propuct ENGINEERING — Novemser, 1052. Ii 


è " s 


Inu 


| know! 


qe o 








EE 
ti 
li $ 
a a 
Va 
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E ) 
Oc tior 
[ace ( 
should 
e short 
EYDERT 
gs 
ent on 
Stamp 
Read 
$2 
quit 
Out a s 
lead to O Tal n = 
a mag ) 
X bee: 
d very 
stamp 
umping 
ecules 
I hav 
pong Know-how is the vital commodity in fast, economical, 
spindle 
etized completely satisfactory production of parts from metal 
hat = 
dm powder ... and Moraine has the know-how that comes 
gni 
n mad from more than a quarter of a century devoted to making 
ough a — 
ber Es billions of Durex metal powder parts. 
ed no 
Our experience, plus the knowledge we direct toward a 
which a x i 
"n continuous program of engineering research and pro- 
lm o: duction improvements, adds up to the know-how that 
of th : d 
Mirhes can be of important service to many industries. 
s runs 
d finil 
| order j 
ald the M Hi DIVISION OF GENERAL MOTORS 
ension 1 
? DAYTON, OHIO 
, 1952 
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aU 


FOR COOLANTS 
LUBRICANTS AND 
ABRASIVE LIQUIDS 


aa 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


ALIE 


Jj. 1. C. STANDARDS 
OR DIRECT 
MOTOR CONNECTED 


PUMPS 


DEPENDABLE, 
ECONOMICAL, EFFICIENT 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


& MANUFACTURING CO., INC. 


19664 JOHN R STREET 
DETROIT 3 MICHIGAN 


WRITE FOR CATALOG 





Our Readers Say.. . continued 


(11) constant torque or (iii) some- 
thing in between, depending on the 
material being wound ? 

It seems to me that constant tension 


| is not the answer. If we consider thc 


film tension, when the film is wound, 


| as hoop stress, the total radial force 
| will increase with the diameter of the 
| roll. And whereas at the beginning 


of the roll we have a fairly rigid core, 


| as the roll increases in diameter the 


effective core to the last loop is a great 
deal more pliable; so that we have the 
least resistance where we need it most. 
Has any article been published in 
the past, in Product Engineering on 
this subject? If so, I would like very 
much to read it J. PAUL BERGEVIN 
Shawinigan Falls, 

Quebe C 


Ed— To avoid starring or crazing at 
:he core, I would think that the prop- 
ties. of the material being wound 
would have a direct bearing on allow- 
able core diameter, and secondly, with 
a constant torque, the film tension 


| would decrease, as would the hoop 


tress, as the diameter of the material 
wilds up. 

In answer to your second question, 
>roduct Engineering has not published 
in article on this subject. 


Latest in 


| Level Indicator Design 


To the Editor: 


In your June 1952 issue you ran an 
wticle on a optical high level switch. 
Heck, we've got that licked hollow! 
Ihe Tektor is a capacity switch that 
)perates on the approach of anything 
ind, requires only a single tube. with 
iothing else to operate it. 

And we've now got a level indicator 
hat is just about the answer to a 
vaiden’s prayer. No moving parts ; 
iny material; any temperature; any 
»resurc 

What more do you want for a 
nickel? That is metaphorical: it costs 
more than a nickel, although with th: 


| present value of the Canadian dollar, 
| vis a vis the U. S. buck, probably a 
| nickel in Canadian money may be 
| right. This is not a quotation. — 


I'm all out of circulars on the LF 2, 


| but below is a brief sketch of the cir- 


Zero set for zero level 


Aoout 5 volts \ prope 
of probe _jinsuloted 


. pe Thomas Coupling: 


longer wit 


Distinctive Advantages of 
THOMAS FLEXIBLE COUPLINGS 

@ NO MAINTENANCE 

@ NO LUBRICATION 

© NO BACKLASH 

€ NO WEARING PARTS 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for parallel 
and angular misalignment 
as well as free end float. 


Thomas Coy 


h plings 


ave a wide range 
of speeds, 
horsepower and 
shaft sizes, 
with new types 
available for extra 
high speed 
applications. 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


NO MAINTENANCE PROBLEMS 
ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER 


Write for our new 
Engineering Catalog No. 51 


THOMAS FLEXIBLE 


COUPLING CO. 
WARREN, PENNSYLVANIA, U.S.A. 
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WHICH PILOT LIGHT 
CARS 


ACIE, TEN $ mw 
» và s^ Er 


DIRLCU 


THE BIG ONE ALES Pl I -— 
; HH Cat. #613529-211 
This Pilot Light Assembly was first 
made to accommodate the S-11 lamp 
and was intended for use in the 
cabs of great diesel locomotives. 


This BIG one 


Dialco HAS THE COMPLETE LINE OF 


INDICATOR and PANEL LIGHTS N - 


\ this LITTLE one 
THE LITTLE ONE | 


The miniaturization program on defense products required the 
development of this sub-miniature light. It is used 
on communication equipment and aircraft. 
Midget flanged base bulbs to fit are rated 1.3, 6, 12, and 28 volts. 


DD to suit your own special conditions and 
QM requirements will be sent promptly 
and without cost. Just outline your needs. 


Let our engineering department assist 
E XA in selecting the right lamp and the best 
pilot light for YOU. 


Write for the Dialco HANDBOOK of PILOT LIGHTS 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY of AMERICA 


60 STEWART AVE., BROOKLYN 37, N. Y. HYACINTH 7-7600 
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Crosley's **Shelvador" refrigerator line, twice awarded 
the Fashion Academy Gold Medal for advanced styling, adds to its 
laurels with this beautiful “Twin Automatic.” A medal for smart 
production engineering might well be awarded too, for Crosley 
incorporates the use of efficiently designed Riverside electrical com- 


























| 
3 







CORDS e ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 











iverside Manufacturing ....* 


placed by "T." Since the moment ''1 
AND ELECTRICAL SUPPLY COMPANY 


10225 MICHIGAN AVENUE è DEARBORN, MICHIGAN eè PHONE Tiffany 6-6800 
WIRING HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION 






Our Readers Say. ; cont nued 
cuit principle which will give y« 
idea. Basically, we put an ins 
probe down the center of a tank. 
we know that this probe has son 
pacity to ground. When we put 
rial, solid, liquid, what have you 
the probe, it changes its capaci 
ground. Calibrate that change to read 
height and there it is. Simple wl 
you know how: Oh, yes, the dat 
be telemetered, too, if desired. OK 
its your turn now. What do yo 
think of this — 
Incidentally, Sans Souci is a highly 
interesting and readable departn 
Encourage the lad who writes it. « 
| him a raise, as he deserves it! O 
he under your wage stabiliz 
scheme? Anyway, he is good. 
Finally, am interested in the AE( 
recorder mentioned on page 191 of th 
August issue of PE., name and add 
of firm, and if possible, to who: 
write. HARRY H. SCHWA 
Electrodesign 
Montreal, Ca 





| Ed -Your appreciation of Sans So 

| is well received. I am considering c 
ing myself a raise. Regarding your 

| last paragraph, therc are two 
resses for the firm making the AEG 
recorder: Allgemeine Elecktrizitacts 
Gesellschaft, Berlin-Grunewald, Ger 
many; or A.E.G.—Buro Franktur 
Mainzer Landstrasse 23; Frankfurt 
Main, 








Germany. 





Error In 
Design Work Sheets 


- ; t 
: ; . . ; To [he Editor 

ponents that can be installed quickly, easily, and inexpensively! 

We deliver these sub-assemblies completely fabricated, ready for . Regarding the nomogram and t 

installation. Thus, along with assembly savings, Crosley avoids on Torsion Spring Design by Carl P 

upkeep of the specialized facilities required to produce such electrical Nachod of pages 134-5 of Propu El 

components, a considerable saving in itself. ENGINEERING Design Works Shects ju 

The design and production of wiring assemblies is a (10th Series), I believe equation (5) 

highly specialized business . . . and a Riverside S / to be in error. This error. carricd u] 

specialty! Our Engineering Department is devoted {Viverside through to the chart, reduces values oí us 

solely to solving wiring problems . . . while specialized Vanufactaring edu Muse diubed M) a fui tr 

production equipment and skilled personnel translate i ; st 

its recommendations into efficient, economical ** pack- ot 19 ; ; 

aged wiring.” It will pay you to send prints ór details Fhe derivation of equation ( ti 

of your product wiring problem for design suggestions usually takes the following form 

and a firm quotation. There is no obligation. MC 
Your source file needs this new brochure! Shows wir \ I tu 
ing harnesses, cord sets, waterproof switches and t 
other specialties. Describes engineering service and S = Stress 
production facilities. Send for your free copy now! M — Moment 

E E distance from natural axis to 
JE outermost fiber 
Cy I moment of inertia about neut 


In Mr. B article "M" is r 


is equal to d X distance, the follow 
ing holds true: 


(B) T= PR 


For a round wire section, "C" wou 
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"More Power to You—Safely, with 


Electrical energy is restless . . . would 
jump at any chance to escape—if it could 

The fact that voltage can be stepped 
up for transmission, stepped down for 
use; that current can be led to and from 
transformers, around switchboards, and 
steered into circuits safely you may credit 

electrical apparatus builders. Impor- 
tant materials to them are Synthane lam- 
nated plastics. 

Synthane laminated plastics are used 
in transformers for spacers and coil forms 
cause it is an insulator unaffected by 

s: in tap changer panels because it is a 


machinable insulator with high dielec- 
tric strength; in **Glowtectors" because 
of high insulation resistance and abuse- 
resistance; in circuit breakers and bus 
bars for its arc resistance 
Synthane, an unseen essential to pov 

generation, transmission,and control, may 
be helpful to you. Send for your copy ol 
the Svnthane Catalog and learn all about 
Synthane's combination of electrical 
chemical, physical and mechanical prop- 
erties. Synthane Corporation, 3 River 
Road. Oaks, Pennsylvania 


Swithane-one of industrys wrsen essentiols 
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PETTICOAT STANDOFF INSULATORS ma 
chined from Synthane square 
hole tubing. Here, Synthane was 
specified for its good dielectric 
properties, machinability and 


rugged strength 




























e Why have sprockets 
tooled to order when you 
can get quick service on 
standard pitch, roller 
chain sprockets right out 
of the Sewall catalog? 
These diagrams will help 
you decide if Sewall can 
help to cut your sprocket 
costs. Send for your free 
catalog. Service offices in 
Chicago and St. Paul. 


696 GLENDALE ST. * 


IMPHOVE WITH USE 


Nicholson control valves were re- 
cently adopted as standard by a 
well-known rubber company, af- 
ter years of trying practically all 
makes. Their capacity for longer 
leak-free service is confirmed by 
many installation 


Send for 
CATALOG 
552 
Lever models 
(left); 4 styles; 
V4" to 2/4"; 
press. to 5000 


“We'll cut costs here with 


SEWALL 
STOCK 
SPROCKETS” 


By the makers of Sewall Custom-Built Gears 


Leading Processors Tests Prove 


Type A 


Plain sprocket m 
—no hubs 









Type B 


Hub projection 
—one side 

















Type C 


Hub projections 
—both sides 





Type D 
Piate sprocket 
—cast iron hub 


ST. PAUL 4, MINNESOTA 


VALVES 


records which show Nicholson 
valves actually become tighter 
with use. This is because their 
non-corrosive flat discs tend to 
lap themselves on the seats. For 
all mediums and types of opera- 
tion. 

























press. to 375 Ibs. 




































Solenoid (left), 3 styles; 
foot, 2 styles; also mo- 
tor models. 1" to 214"; 






Our Readers Say.... . con 


nued 











d 
2 







be equal to=-where d equals the 






eter of the wire. Also, "I" cu; 
rdt 
a 

Substituting (B) in (A), we ther 
have: 







S= TC p T (d 2) P 32T 
-— ü mdt ENT 
(3 










Simplifying this, we get: 
32T 10. 2T 


"t 























You will note, therefore, that the 
error in Mr. Nachod's formula has to 
do with the decimal point, since he 
specifies 1.02 as the constant rather 
than 10.2. 

The final formula in the write-up 
includes the constant "c". This con 
stant is a correction factor which, as 
Mr. Nachod mentions, will vary from 
1.23 to 1.05 depending entirely upon 
"f". This factor had been determined 
experimentally and is similar to a cor 
rection factor used in the design oí 
rectangular section springs. It affects 
the overall results only very slightly. 

JoE FRADKIN 
Reeves Instrument Cort 
Ed—We stand corrected. 











ERRATA 









July 1952, page 121. Selecting Motor- 
| Mounted Magnetic Brakes. Top of 
first column—'‘exceeds four to six per 
| hour" should read "four to six per 
| 






minute.” Page 123, middle of third 
column—"'removal of brake power" 
should 


| power." 


July 1952, page 175. Fine-Pitch Gear 
| Drawing Data Required to Assur: 
| Quality. Bottom of first column- 

"0.09945" should read "0.9945." 











read “removal of motor 









August 1952, page 159. Converting 
| Decimal Fractions to Actual Gear 
Rates. Equation (13) should read 
a(b--d) —b(a-4-c) ——v. Right hand 


| column, second I 




















fraction should be 
0.528302. 












| September 1952, gatefold opposite 
| page 182, High Speed Photography in 
Design. Color code at top should ! 
reversed. Opposite black line it should 
read, "Optical components optional in 
the type of camera illustrated ;” oppo 
| site red line it should read, “Optical 
components essential in the type of 
| camera illustrated.” 
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JQUALITY, OUTPUT AND 
-|SERVICE AT PEAK WITH 


STERLING SPEED- P 


Spee 1-Trols driving the feed rolls on out 
knife planers assure m aximum producti n 
and beep maintenance and wear and tear t 


- m) bare minimum, reports B. R. Andrus, Andrus 
that th A l t r R. A Ind 
ah i Manufacturing Co., manufacturers of filing 
o a j» . 
since B and shop equipment. Speed-Trol f infinite 
ape speed variation permits accurate selection of 


the rate of speed necessary for maximum pro 














duction of any size and quality of lumber 
being finished. We have purchased many Ster 
ling drives in the past several years and are 
very pleased with thew performance. 


write-up 
his con 
hich, as 
ry from 
ly upon 
ermined i 
d 4o | STERLING SPEED-TROI 
sign of mnm ME8R wx io LU-IAUL 
Aia | ot 4, A GIVES YOU VARIABLE SPEED 
htly. ; 3 - 

RADKIN í UR à CONTROL NECESSARY FOR 


— EQUIPMENT ADAPTATION TO: Scquenc 
synchronization — operators. abilities — load 
variations due to differences in quantity 
quality, weight, size, tension, hardness or shape 
of material to be processed, machined, con 


^ veyed, blended, mixed, et 

Motor- PROCESS CONTROL OF: Temperatur 
op of viscosity — level — pressure — flow — etc 
ix per B | ia s TIME CONTROL OF: Baking—drying 
X per : heating — cooking — pasteurizing — soaking — 
third K chemical action — etc 
ower” p With Speed-Trol you get the maximum in 
motor E STE RLI NG SPE B D "TROL production, plant efficiency, quality and profit 
Gear 
'essur 
nn- 

OTHER STERLING ELECTRIC POWER DRIVES: 1 
ilins e STERLING SLO-SPEED (GEARED) MOTORS lE = showing how Sterling Elec- 
Gear ERLING KLOSD AND KLOSD-TITE (NORMAL SPEED) MOTORS l ~s I cree se Drives reduce 
read i production Costs Write for 
hand DRIP-PROOF * SPLASH-PROOF * TOTALLY ENCLOSED > D Ar Bulletin No. A107 
|] 
osit 





ix B RLIN ELECTRIC 
tis re LG MOTORS 


ar I Plants: New York City 51; Van Wert, Ohio; Los Angeles 22; Hamilton, Canada; Santiago, Chile. 


Offices and distributors in all principal cities. 
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Areas 
INSTRUMENT 
BALL BEARING 


In the new RMB FILMOSEAL bearing, a 
copillary film of oil forms between cylin- 
dricol washer (A) and the tapered 0.D. of 
inner race (B). This strong film of oil seals 
the bearing — keeps the lubricant in, 
keeps dirt out — yet there is no rubbing 
contact between the sealing elements. 


The FILMOSEAL bearing thus has all the 
advantages of a sealed bearing, plus the 
freedom of rotation of an open bearing: 


€ Permits the use of oil instead of 
grease as a lubricant. 


Low starting and running torque. 
Torque constant over long periods. 
Adjusts for pressure variations. 

No heating or scoring at high speed. 
Remains sealed in any position. 
Maintenance is greatly reduced. 


FILMOSEAL precision bearings are available 
in 10 bore sizes from 2 mm. (.0787") to 
8 mm. (.3150") ond corresponding 0.D. 
from 6 mm. (.2362") to 22 mm. (.8661"). 


WRITE FOR 
COMPLETE 
DESCRIPTIVE 
LITERATURE 


LANDIS & GYR, INC. 


45 W. 45th St., New York 36 


NEW BOOKS 


Writing and Technical Report 


J. RALEIGH NELSON, Prof. Emeritus 
of English, College of Engine 
ve ) f Mi / gau. 5506 Pp, 
Published by McGraw-Hill B 
( 330 West 42 St., New York 
N. Y., $4.50 


divided fivc 
parts design and composition 
of the report are Next, 
the author gives specific directions for 
the setup ot both long and short form 
reports. are illustrated by sev- 
eral sample reports annotated for study. 
The third part of the book outlines a 
systematic procedure for the critical 
examination of with a num 
ber of clinical studies of typical cases. 
The fourth, which is à summary of thc 
fundamentals treated in the threc pre 
ceding serves as a ready ref- 
crence for both instructor and stu- 
dent The fifth part presents a 
1 6-weck course in report writing which 


[Ihe subject is into 
First, 


conside re d 


These 


a report, 


sections, 


a basis for classroom 
guide for study for 
those in practice who wish to enlarge 
and clarify their appreciation of the 
fundament als of report Ww riting. 


can be used as 


purposcs or as a 


Work Measurement— 
New Principles and Procedures 


Pri f. Stevens 
290 Pp. 61 x 

ished by Columbia Haina: 
E" rningside Heighys,.N. Y., 


ADAM ABRUZZI, Ass’. 
ln Lut of Technology, 
9 in. Publ 
15 Pre 


$6. 


research method— 
on modern experimental infer- 
ence,—Dr. Abruzzi conducted a series 
of intensive studies of representative 
industrial operations. The most strik- 
ing results, which may well prove revo- 
lutionary for both management and 
labor, are: (1) proof that all stand- 
ard data procedures currently used as 
invalid; (2) the development of pro- 
cedures which eliminate the necessity 
vada performance, thus 
doing away with the weakest and most 
controversial aspect of prac- 
ti and (3) proof that there is no 
way of performing indus 


Using a 
J 


Dasca 


new 


ol rating 


present 


one pest 
trial operations 

Work Measurement” makes avail- 
ble objective procedures and criteria 
when a process can be 
standardized and for de- 
termining when element and motion 
standard data have predictive value. It 


i i 
deciding 


dered 


astonishing 


POWER 


and other unique 
advantages with 


GAST rotary 
Pl. 
MOTORS 


Model 
1 AM 
Up to 
1/6 HP 
—only 
2'2” dia., 
weighs 


12 Ibs Model 8 AM 


Up to 4 H.P.— 
only 6'A” high 
(less muffler) 


Model 

4AM Model 2 AM 

Up to 'A H.P.— 

weighs approx 
Va Ibs. 


Up to | H.P.— 
only 5?4" high 
(less muffler) 


FOR YOUR ORIGINAL EQUIP. 
MENT APPLICATIONS ... 


Gast rotary-vane Air Motors may 
solve tough problems on your 
product! They're lower in first 
cost, variable in speed, explosion- 
proof, quick starting, amazingly 
compact and light compared to 
electric motors. 


Four sizes available, reversible 
and non-reversible ball bearing 
types, several mounting styles, 
speeds to 12,000 RPM. Numerous 
accessories. ‘Air may be your 
Answer!" 


Write Gast, stating your 
specific problem or men- 
tion model that interests 
you. 


see our 
CATALOG 


B IUNII 


Original Equipment Manufacturers for 
Over 25 years 


AIR MOTORS - ~ . = PUMPS 


(TO THREE HP.) (TO 30 185.) LEIN LI 
CAST MANUFACTURING CORP., (39 Hinkley $t, Benton Harbor, Mich 
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MUELLER BRASS CO. 
"6OQ" SERIES 


a better bearing 


bronze containing 


no-hard-to-get tin 


Typical forged parts and 
rod shapes produced 
from Mueller Brass Co. 


"600" Series bearing bronze 
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If you use gears, connecting rods or 
other parts requiring bearing properties, 
it will pay you to investigate 

“600” Series, a high strength bronze 
that confains no tin. "600" Series 
outperforms phosphor bronzes and other 
bearing metals . . . it will also save 
time, money, and material. “600” Series 
bearing metals can be forged into 
relatively complicated shapes and 
produce a forging of close-grained 
homogeneous structure impossible to get 
in a sand casting. The forged shape 

is closer to finished size than a casting, 
often requires less machining, and 
eliminates the need of a bushing. 
"600" Series is available in standard 
and special extruded shapes in 12' mill 
lengths. These alloys have a low 
coefficient of friction, a tensile strength 
2/A times greater than cast phosphor 
bronzes and high resistance to 
corrosion. There is a "600" Series alloy 
with the properties to fit your bearing 


metal need...write today for further facts. 


MUELLER 
BRASS CO. 


PORT HURON 16, 


MICHIGAN 








Electric Resistance 


WELDED 






lli 


34" to 4" O. D. 9 to 22 gaug 


» 


p 


J 


TUBING 


~ SQUARE-RECTANGULAR 


Ya" to 2" 20 gauge, 1" to 2% 
14, 16, 18 gauge 


Carbon 1010 to 1025 


has uniform strength, weight, duc- 
tility, I. D. and O. D., wall thick- 
ness, machinability, and weld- 
ability. lt can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 
wide range of sizes, shapes and 
well thicknesses, prefabricated by 
Michigan or formed and machined 
én your own plant. 


" 
' 
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POSSIBLE 
ETTER 
PRODUCTS 


| A7 LOWER 
IE. 
OST 


Center Tube Shaft 


The meticulous workmanship that goes 
into every piece of Michigan tubing is well 
illustrated by the center tube shaft manu- 
factured by Michiganfora washing machine. 


In the production of this part, absolutely 
accurate finishing to the closes! tolerances 
is required. For example: at the head— 
I. D. plus or minus .001, O. D. plus or 
minus .003. Tube O. D. is 2.50 inches, with 
.120 gauge thickness. Michigan's know-* 
how and modern precision and production 
equipment makes it a simple matter to con- 
form to close tolerances and ship parts 
ready for assembly by the customer. 


We invite manufacturers to consider the 
advantages in cos! savings and product 
improvement by the use of Michigan tubing. 
mm — 
A de. Consult us for engineering and 
vw lo J 


technical help in the selection of 
tubing best suited to your needs. 


Plus Fabricating of our own tubing Michigan is interested ONLY IN THE 
FABRICATION OF Stainless steel, copper, brass and aluminum tubing. 





revs 
(P ANCE Whiner TT LLL 


21111! TU BE PRODUCTS €0. 


ORS: Steel Sales Corp., Detroit, Chicago, 
ent dh, inc., Hillside, N. J.—C. L Mylond Co., Dayton, Ohio Duis à Company, Portland, Oregon 


—James J. Shannon, Milton, Moss.— Service Steel Co., Les Angeles, Calif.—Hugh Davis, Ms 
Strong. Carlisle & Hammond Co., Clevelond, 


Co., Dorby, Po.— A. J. Fitzgibbons Co. 
Beaird Co., Inc., Shreveport, Le. 


rA 


More than 35 Yeors in the Business 


9450 BUFFALO STREET » DETROIT 12, MICHIGAN 


FACTORIES DETROIT, MICHIGAN —SHELBY, OMIO 
$1. Lovis, Milwaukee, Indianapolis and Minneapolis 


Ohio — Globe Supply Co., Denver, Colorodo—W. 
bunele, N. Y --Merry E. Clark & Co., Hoveisn, Tongs). B. 






New Books Continue 
also shows how precise estimates ar 
predictions can be made about th 
production rates of workers and open 
tions, and how to develop producti 

standards known to be attainable } 
the workers. 

Some of the more detailed conch 
sions developed are: (a) the consi 
ency of work performance depends o; 
the length of operation cycle and no 
on the skill of operator; (b) th 
workers with the greatest output ar 
not those who work fastest, but thos 
with fewer and shorter delays ani 
interruptions; (c) the motion pat 
terns of individual workers do no 
remain constant even for a limited 
period of time. 

The book presents a complet 
methodology for handling the prob 
lems of work measurement. The open 
ing chapters analyze present ways of 
investigating these problems. Her 
Dr. Abruzzi points out that many s 
alled “scientific procedures are int 
mately associated with collective bar 
gaining and that, consequently, labo: 
and management have interpreted an 
used the results to advance their ow: 
interests. Dr. Abruzzi then explai: 
his own objective procedures using ex 
perimental data on industrial opera 
tions. In these experiments, liberal us 
is made of statistical quality control 
and other statistical techniques which 
have proved so successful in product 
quality work. The book contains 25 
figures and 55 tables. The examples 
are presented so that industrial engi 
neers can apply the same principles 
and procedures to the work-measure 
ment problems in their own plants and 
industries. 






Practical Mathematics 


oe I. PALMER and SAMUEL | 
Bins, Assoc. Prof. of Mathematics, Ii 
Institute of Te chnology, 769 pp. 54x 


81 in. Published by McGraw- Hil 
Book Co., 330 West 42 St., New York 


36, N. Y., $4.50. 


This new fourth edition of this on 
volume contains the essentials of the 
four separate books (practical Mathe 
matics, Parts I to IV) by the authors 
It contains new material suggested ! 
students and teachers, and new prob 
lems that broaden its scope. Presenta 
tion has been simplified and explana 
tions have been expanded. Mor 
sample problems are solved and n 
hints for solving problems are giver 
Some new illustrations are includ 
and others have been redrawn. 

Like the earlier editions, this boo 


| gives students clear understanding 


practical applications of mathema 







| Just off the press... 


contro 
s whid 
product 


ains 25 


REE to qualified engineers... 


Valued by engineers as an important addition 
to their technical libraries. 102 pages of valuable 
information on ball bearings and ball retainers. 
This limited edition is durably bound and available 
to chief engineers without charge. One additional 
free copy will be furnished, on request, for the 
engineering department library. Use your official 


stationery — write today. 
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BEARINGS COMPANY 
OF AMERICA 
511 Harrisburg Ave 
LANCASTER, PA 
BCA Radial, Thrust 


Angular-Contact 
BALL BEARINGS 
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Tractors ..»» Road Graders... Lift Trucks... 
Street Sweepers... Road Rollers... Power Shovels 

. Trucks and Buses all benefit from Fairfield's 
33 years of specialized experience in building 
complete differential gear units for powered 
vehicles. 









If you use DIFFERENTIALS in the product you 
build, we believe it will pay you as it has others 
to check with Fairfield on all of your requirements. 
Fairfield offers (1) Mass Production Economy, 
(2) Unexcelled Quality, (3) Dependable Service, 
(4) Expert Engineering Recommendations. 


YOUR INQUIRY WILL RECEIVE PROMPT 
ATTENTION. 











FAIRFIELD 
— MANUFACTURING CO. 


So. Concord Road 

















LAFAYETTE 





INDIANA 





—a plus value in any product! 





AND DIFFERENTIALS 
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in industry 


ew Books.. 


and everyday life 


especially suitable for use in 


* 


institutes, 


Mw 


courses. It is 


vocational 
veterans’ 


hools, schools, te: 
courses, appr 
and junior college te: 


also suitable fo: 


hools, 


chanical arts courses in college 


ul 


1iversities and for home study 
The important features of the 


edition are: 


ti 
lo 


als of 


Presents in one text the « 
arithmetic, geometry, al; 
garithms, and trigonometry, 


(1) 


practical applications. 


dc 


th: 


(2)New material suggested by 
nts and teachers and new prol 
it enlarge its scope. Data in : 


cises and problems brought up to « 


pr 


pli 


(3) Simpler, more understand 
esentation, with more detailed 
inations. Some new illustrations 


improvement of others. 


let 


SO 


of 


(4) Larger number of sample pr 
n solutions. More 
lving problems. 

(5) As a convenience 
this book, the 


hints given 


to the 1 
answers are gn 


PIV 


after most problems. 


(6) Gives many devices and met 


ods used by practical workers in 
dustry. 


(7) Adaptable to a wide variety : 


courses and classroom situations, and 


to 


A. 


Rigid Frame Formulas 


home study. 


KLEINLOGEL, 460 pp, 61 x 91 


Published by Frederici Ungar Publi 


ing Co., 
10, 


the eleventh edition of the 
"Rahmenformeln," 
Ju 


thi 
contents consists of 


11 
an 


di: 


text. 


nu 


necessi ary 


tio 


commonly 
neers. 


ste 


F 


and sign conventions. 


arc 
shi 
far 


I5 

to 
an 
nu 
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105 East 24 St., 
N.T., 915 


This, 


Ne li T 


the first American edition « 
Germa 
includes all sing] 
in types of rigid frames. 

Because of its pictorial charact 
s book is, in a sense, unique. Th 
sketches of th 
i different frames for which shea: 
d bending moment equations and 
igrams are presented in the mai: 
The reproduction of the larg 
mbers of diagrams has mad 
to retain the original not 
n, which differs somewhat from that 
used by American eng 
These include the use of J i: 
ad of I for the moment of inerti 
instead of A for cross-sectional ar 
However, thes 
adequately defined in the text an 
uld present no handicaps to tho 
niliar with the subject 

The practical use of this handboo! 
said to be three-fold. First, th 
rmulas for the bending moment 
rigid frames of 
mber of different types, 


d reactions on 


and mat 
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GO 
“AMERICAN” 
FOR 
CIRCULAR 
WELDED 
PRODUCTS 


for your co 
of our 20 page 
illustrated catalog 


Welding is owi business . Let ua puf, owr, 


9 wat of, experience t wok Lot yow. 
lite designing, xg imeoriag oud 
aad it omnl vn 
lusion ot resistance welding of either 
(vua oL nost] pwoui walls à August 


uu 


AMERICAN WELDING & 

ML S GG etti 

MANUFACTURING CO. - WARREN, OHIO 
LET US SEND YOU MORE FACTS OR 


BETTER YET SEND US YOUR SPECIFICATIONS 
FOR PROMPT QUOTATIONS 
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— Lock Ring 


(potented 


















CURTIS universaL Joints 

























14 sizes — %” to 4” O.D. — in stock at all times 
for immediate shipment. Facilities and engineering 
skill immediately available for special specification 
jobs. 










Specialists in Universal Joints for over 30 years, 
Curtis offers more than just time saving availability. 
Made of the finest alloy steels, accurately machined 
— with either solid or bored hubs — they may be 
easily applied to most universal joint needs, ranging 
from instrument controls to heavy steel mill appli- 
cations. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 


Availability — 14 sizes always in stock. 
Simplicity — fewer parts, simpler construction. 
Government Tests — complete equipment for govern- 


ment tests in our plant. 


Write teday for free ergineering 
€ data and price list 


CURTIS UNIVERSAL JOINT CO., INC. 
11 BIRNIE AVENUE SPRINGFIELD, MASS. 
As near to you as your telephone 
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CONTROLLED 
TIMER 


at a price you can 





Practically non-breakable, Dura 


year, their use increases in sensa- 


from 


Controlled time available 
1S to 20.0 seconds in either nor- 
mally open or normally 


closed 
actions, 3 to 4 week delivery. No 


waiting. Your production sched 


See telephone directory for local dis- 


DURAKOOL, INC., Elkhart, Indiana 


PRE-SET, TAMPER-PROOF 
TIMING 


kool Pre-set Timer Relays have 

more than proved themselves on T 
the roughest and toughest jobs ] 

that could be found. Year by i 


* No false contacts 
* No chatter 
TA Quiet in operation 
% Eliminates double contacting 
or breaking of circuit 


ALL - STEEL 
MERCURY 


Tinted 


New Books 


T continued 










loading conditions, may be used 
secure results rapidly by the direct s 
stitution of numerical values. Desi; 
ers, even without advanced train 
in structural analysis, can avail th 
selves of the advantages of the ri; 
frame, by its direct use and with | 
little added effort, influence lines, 
tables, can be readily constructed 
described in detail in the text. 

Second, for those who are exp 
enced in advanced analysis, the Mi 
equation, aided by the diagrams in t 
book, will give a ready and rapid 
method for computing displacemer 
of rigid frame structures. The m 
ment-area theorems can be applied 
without difficulty. 

Third, the rigid frames, themsely 
statically indeterminate, can be us 
as units in adopting a "primary stru 
ture" dealing with cases of mor 
highly indeterminate frames, and s 
bring such structures within the rang 
of easy computation by means of th 
Maxwell-Mohr work equation or, i! 
one prefers, the slope-deflection equa 
tions. This extends considerably th 
field of practical application. in. th 
design of such structures and makes 
available an accurate and rapid method 
of analysis of structures which could 
heretofore be handled only by ap 
proximate methods or by lengthy nu 
merical computations. 


Hardy Cross: 
Engineers and Ivory Towers 


Edited and arranged by ROBERT ( 
GOODPASTURE, 141 pp, 6 x 9 in 
Published by McGraw-Hill Book Com- 
pany, 330 West 42nd St., New York 
36, New Yorb.^$5.75. 


During 30 years as college professor 
and engineer, Hardy Cross developed 
a philosophy which he tried to dis 
seminate to young men who were en 
tering the profession of engineering 
While his contemporaries may know 
him best for the “Hardy Cross Sys- 
tem” of analysis, his students remem- 
ber him for his lectures on the pro- 
fessional aspects of engineering. This 
books presents in essay form a few 
of the more memorable of these. 

In his thinking Cross continually 
stresses that engineering is an art as 
well as a science, and as such it should 
not be shackled too tightly with rigid 
rules, formulas and standardization. 
In engineering there is no standardiza- 
tion unless there is well founded rea- 
son for it. 

But the engineer comes to under- 
stand that there is no antithesis be- 
tween individualism and regimenta- 


Propuct ENGINEERING — Novemser, 1952 








Here is a new, four-page publi- 
cation which tells of the latest 
developments in the design and 
application of gears, speed reduc- 
ers, speed increasers and marine pro- 
pulsion gearing. It is written for men 
in charge of the purchase, specifica- 
tion, maintenance or operation of this 
type of equipment. 

The first and second issues are now 
available for distribution. Future issues 
will appear as we gather material of suffi- 
cient interest to warrant publication. We 
have no set publication schedule. 


If you would like your name placed on our 
mailing list to receive EQUIPMENT NEWS, 
just fill out the coupon and mail it today. You 
will receive a FREE copy of each issue as it 
comes off the press. 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Boston, Pittsburgh, Akron, 
Detroit, Chicago, Memphis, Minneapolis, Portland (Oregon), 
Los Angeles, Salt Lake City, Tulsa, Houston, New Orleans 


gue ee 
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Nu mr 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONN. 


Please send me, without cost or obligation, copies of the 
first two issues of EQUIPMENT NEWS and place my nome 
on your mailing list to receive future issues 


Name..... exe à Title 
Company 
Address 


City 
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Luster-on 


is the ideal 
"PAINT BOND" 
for your 


ZINC 
DIE-CASTINGS 


1 


pv 


"us 


Applied in one quick dip 
Manually or Automatically 
Most uniform results 
Most easily controlled 


Lowest possible cost 





Luster-on 


may be left as a final 


COLORED FINISH 


with excellent corrosion 
protection 





Luster-on 


applied over buffed, zinc- 


plated die castings 


RIVALS CHROME 


Write for free data sheets 





New Books continued 


tion; that there can be much fredom 
with regulation; that the regulation is 

id only if it destroys the originality ; 
aad the originality unchecked would 
best be checked | by some regimentation. 

Another point that Cross strives to 
make is that the layman does not un- 
derstand the engineer: what he does 
or how he does it. In the popular 
the engineer is guided by facts 
supp slied by scientists and his conclu- 
sions are based purely on physical 
facts. Actually the engineer takes 
scientific facts and forms them into 


concept 


an end product through imagination 
and creative thought with the help of 
additional data from both the social 
and the physical sciences. 

This misconception has given birth 
to a group who profess to be engi- 
necrs. Masquerading under a title 
composed of an adjective and the 
word engineer, such as “humanity en 
gineer,”’ social engineer” or “economic 
engineer,’ they attempt to give the 
impression that they deal with measur- 
ible data from which definite laws can 
be deduced. But they differ from en 
gineers in that they usually do not 
know what they are doing and they 
scorn the important d: tails 

In "Engineers and Ivory Towers," 
Hardy Cross has taken engineering out 
of the popular concept associated with 
graphs and formulas and lifted it 
into its rightful place. 


Handbook of Applied 


Hydraulics, Second Edition 


Editor-in-Chief, CALVIN VICTOR 
Davis, Vice-President, Harza Engi- 


neering € 272 pp, 61 X 91 in 
Pubi / hed de Mi Graw Hill Be 0¢ o£ GO.. 
330 West 42 St, New York 36, 
M. Fo GE) 


The objectives of this second edi- 
tion are identical to those of the first. 
It deals primarily with the practical 
aspects of all phases of hydraulic en- 
gineering and includes a wealth of 
reference material. 

In response to requests during the 
last ten years, new sections have been 
added on water hammer, surge tanks, 
speed regulation and navigation locks. 
Other sections either have been re- 
written or brought up to date. The 
basic policy of drawing illustrative 
examples from the design files of 
actual projects has been followed 
throughout. Reference material on 
— has been presented as an 

ippendix and a second ap pe ndix cow 
s the graphical analysis of many of 
the problems pre sented 

The 25 sections of this manual, each 
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LCHIWEIGHI CHAMPIONS” UMEN $ 


You have the right "angle'' when you 
select ELECTRA- GEARMOTORS (Right 
Angle Type) because you get mount- 
ing convenience, dependable service 


and economy...plus light weight. 


RIGHT-HAND, LEFT-HAND 
OR DOUBLE-END SHAFTS 


Right Angle Worm Gear Type avail- 
able in !4 to 3 H.P., with speed range 
from 16 R.P.M. to 288 R.P.M, Right 
Angle Combination Single Helical and 
Single Worm Gear Type available in 
4 to 1 H.P., with speeds from 4 
R.P.M. to 43 R.P.M. 


PROVED IN MANY 
DIFFERENT INSTALLATIONS 


ELECTRA Right Angle Type Gearmo- 
tors are used in hundreds of different 
applications... on mixing and grind- 
ing machinery, machine tools, food 
machinery, conveyors and many other 
kinds of equipment to save weight, 
for attractive appearance and trouble- 
free performance. 
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WRITE FOR BULLETIN 400 
WHICH GIVES BASIC ENGINEERING DATA 
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REPRESENTATIVES IN PRINCIPAL CITIES 
NATION-WIDE DISTRIBUTION AND SERVICE 
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Every major producer of high-speed 
equipment uses FAST'S Couplings! 


IGH-SPEED equipment demands components 

with superior strength, accurate manufacture, 
long-lasting dependability. That's why it's impor- 
tant to you that Fast’s Couplings are selected by 
every major high-speed equipment producer! 


Fast’s usually outlast the equipment they connect. 
Many have been in continuous operation for over 
30 years, without trouble of any kind. And Fast's 
longer life saves you coupling dollars, too, because 
you amortize their cost over many years of trouble- 
free operation. 


For full details on Fast's Couplings and Koppers 


FASTS 


THE ORIGINAL 
GEAR-TYPE 


* 


Ax 
KOPPERS 
v 


S 


INDUSTRY'S STANDARD FOR 32 YEARS 
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Engineering Service, write today for your free copy 
of our catalog. Send to: KOPPERS COMPANY, 
INC., Fast's Coupling Dept., 334 Scott St., Baltimore 
3, Maryland. 


Here's How FAST'S Save You Money 


Free Service—Koppers free engineering service assures you 
the right coupling for the job. 


Rugged Construction—Fast's still maintains its original de- 
sign, without basic change or sacrifice in size or materials. 


Result: freedom from expensive coupling failures. 
Lowest Cost per Year — Fast's usually outlast 
equipment they connect. Their cost may be spread over 


many years! 


Couplings 


KOPPERS COMPANY, INC., Fost’s Coupling Dept. 
331 Scott St., Baltimore 3, Md. 


Gentlemen: Send me Fast’s Catalog which gives detailed descriptions, 
engineering drawings, capacity tables and photographs. 
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MODEL J31E-23 





(5) LEADS, 10" 


LONG 


(3)*6(138)-32 NC 2 TAB. V 
5 DEEP EQUALLY SPACED 
AS SHOWN ON 1.500 DIA 


Here, designed into one small frame, is a variable frequency 
capacitor motor capable of operating at dual frequency ranges 
of 50/60 cycles or 360/1600 cycles. Another oustanding EAD 
engineering achievement . . . one motor that does the work of two! 


SPECIFICATIONS 


Continuous duty * single phase * 115 volts AC * Ambient 
temperatures: —55°C to +85°C © Weight: 1 lb., 1 oz. © Meets 
military specifications for humidity, salt, shock, vibration and 
tropicalization. 

Applications: Airborne equipment (fans, blowers, pumps and 
other suitable uses.) 


50/60 - | 36071600 ~ CURVES FOR 3$” oua 
| FAN 4 BLADES 


OSME- P3 MOTOR uSv 


| 
A IL, L— — VARARLE . FREQUENCY 
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Solving special problems is routine at EAD 


If your problem involves rotating electrical equipment, 
bring it to EAD. Our completely staffed organization will 
modify one of our standard units or designs and produce 
a special unit to meet your most exacting requirements. 





EASTERN AIR DEVICES, INC. 


585 DEAN STREET, BROOKLYN 17, NEW YORK 





| 


| 





New Books.. continu. J 
of which was prepared by a special: 
in the field, include: 
1. River Regulation by Reservoir, 
2. Gravity Dams 
3. Arch dams 
4. Buttress Dams 
5. Earth Dams 
6. Rock-Fill Dams 
7. Spillways and Stream-Bed Pri 
tection Works 
8. Spillway Crest Gates 
9. High Pressure Outlet Works 
10. Canals, Flumes, Covered Con 
duits, Tunnels, and Pipe Lines 
11. Hydroelectirc Plants 
12. Hydraulic Machinery 
13. Water Hammer 
14. Surge Tanks 
15. Speed Regulation and Govern 
ing Stability 
16. Navigation Locks 
17. Irrigation 
18. Irrigation Structures 
19. Water Supplies 
20. Water Distribution 
21. Water Treatment 
22. Sewerage 
3. Sewage-Treatment Hydraulics 
. Hydraulic Models 
. Hydrology 
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Mechanics, 


Part I, Statics 


J. L. MERIAM, Associate Professor of 
Engineering Design, University of 
California, 340 pp, 6 x 9 in. Published 
by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y., $4. 


This, the first of two volumes cov- 
ering basic engineering mechanics, in- 
tegrates the usual pre-engineering 
background of physics, mathematics, 
and graphics. The author progresses 
in easy stages, from fundamentals to 
advanced theory, always emphasizing 
the importance of principles and prob- 
lems which apply to them. 

The first chapter presents a sum- 
mary of the foundations of mechanics. 
The second and third present the de- 
velopment of the resultants of force 
systems and the equilibrium of force 
systems with a minimum of attention 
to special cases. 

Chapter six covers the equilibrium 
of statically determinate beams. No 
analysis of the distribution of force 
over the beam cross-section is made 
since this more properly belongs to 
strength of materials. 

Chapter eight covers the principles 
of virtual work and shows the type 
of problem for which this method is 
superior to the equilibrium method 
based on force and moment summa- 
tion. 

Moments of inertia of areas and 
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FU THESE ARE THE INITIALS TO REMEMBER 


Base For Power ^ 
Lawn Mower 


WHEN STAMPED 
OR DRAWN 
METAL PARTS 
MUST BE RIGHT 












Over 1000 skilled people ... 289 deep draw | 






and stamping presses ...92 welding 









machines ...15 acres of production facilities 






... Complete tool and die department. 





£1 


GEUBER, PAESCHKE & FREY CO. 


1505 w, 










ST. PAUL AVE. * MILWAUKEE 1, WISCONSIN 
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New Books...... continued 


mass are treated in the first appen 
Appendix B consists of a collect 
of useful tables. The collection 
problems used to supplement and 
lustrate the text is impressive and 
most entirely original 


Mechanics, 
Part II, Dynamics 


J. L. MERIAM, Associate Professor 
Engineering Design, University 
California, 330 pp, 6x 9 in. Published 


by John Wiley & Sons, Inc. 440 
Fourth Ave., New York 16, N. Y., $4 


"Dynamics," the second part of th 
treatment of the theory and applica 
tion of Mechanics, has already becn 
lauded for its careful and logical or 
ganization plus its outstanding colle 
tion of problems. 

The seven chapters are headed 
Principles of Mechanics, Kinematics 
Principles of Kinetics, Force, Mass 
and Acceleration, Work and Energy 
Impulse and Momentum, and Peri 
odic Motion. 


Product of 
Westinghouse Corp 
Mansfield, Ohio 


' i 

BIMETAL 
WU estinghouse relieves housewives from heavy 
washday lifting and weather worry with its Automatic Clothes 
Dryer Model D-3. The control system consisting of three thermo- 
stats is actuated by Chace Thermostatic Bimetal. Most vital, the 
cycling thermostat is calibrated to give the proper temperature 
to the air striking the wet clothes in the dryer. It controls the 
1400 watt heating element which maintains a given tempera- 
ture range regulating the drying time of the wash load. 


When the dryer is turned on, the thermostat contacts 
"A" are in a closed position which energize the heaters. A high 
line voltage will cause overheating of the air and move the 
bimetal element "B" against the contact spring "C", opening 
the contacts of the heoter circuit. The air temperature then 
decreases and if it falls below a minimum value, the bimetal 
element "B" reverses its movement away from the spring "C", 
closing the heater circuit "A". Thus, the temperature of the 
air striking the clothes is the same, regardless of line voltage. 


The reliability of these thermostats is dependent 
upon Chace's precision manufacturing methods. Chace Thermo- 
static Bimetal is furnished in 29 types in coils, strips, random 
long lengths and welded or brazed sub-assemblies. Before 
proceeding with the design of your new actuating device, 
consult our Application Engineers, recognized authorities on 
temperature responsive devices—or write today for our new 
32-page booklet, “Successful Applications of ‘Chace Thermo- 
static Bimetal,” containing condensed engineering data. 


W. M. CHACE CO. 
TAownostati Bimetal, 


1607 BEARD AVE., DETROIT 9, MICH 


Chapter I is a repeat of the First 
Chapter of Part I, and a review ol 
this introduction is recommended be 
fore the more advanced material is 
considered. The subject of kinematics 
has been separated from kinetics to 
make possible a clear distinction be- 
tween these two elements. However, 
if desired, the kinematics of each 
motion can be followed by the corre- 
sponding kinetics of that motion with- 
out difficulty since the chapter on kine- 
matics and the one on force, mass and 
acceleration are each divided into four 
similar parts describing the same types 
of motion. 

In the discussion of work and en- 
ergy, considerable emphasis is placed 
on the energy equation and its use for 
a conservative system. The transfer 
between mechanical and non-mechani- 
cal energies is also discussed. 

The chapter on impulse and mo- 
mentum leads directly into the time 
rate of change of both linear and 
angular momenta. Equations of mo- 
tion with variable mass are given 
special emphasis and divided in a man- 
ner which should clarify this problem. 
Application of the variable mass equa- 
tions to modern aspects of jet propul- 
sion is made. The subject of impact 
is described briefly with account taken 
of the energies involved. Care is exer- 
cised not to mislead the reader by 
implying that problems of impact can 
be adequately described by the classical 
“coefficient of restitution." Gyroscopic 
motion is described with the aid of 
the general impulse-momentum equa- 
tion which is then simplified. 
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